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APPARATUS FOR. AND METHOD OF, VARYING THE 
RATE OF FLOW OF FLUID ALONG A PATHWAY 

T<>rhnical Field r n ^ 

This invenuon relates .0 an apparatus for and method of varying the rare of now of a flu.d 

a,ong a pathway. More panicularly. but not exclusively, the invention varies the rate o, 

flow of fluid along a pathway in a wet chemistry analysis system. 

^SSSf^ure of all "we. chemistry" analysis or assay systems is that analyte, together 
with one or more ..agents, usually passes through a series of processes or procedures. 
These include: mixing, reacting, incubating, ftltering. decanting, metering and dtv.d.ng. L. 
short, some form of fluid handling is a common and important feature of most assay 

systems. 

L„emational Patent Application WO-Al-9419484 (Biocircuits Corporation) describes a 
disposable device for use in diagnostic assays and comprises a number of chambers and 
interconnecting pathways. Capillary valves are used to enhance control over nu.d now ,n 
the device. One type of capillary valve comprises a flutd now capillar., channel and 

aisnrpts fluid now in the flow capillary channel when the control capillary ,s empty, bu, 
does not impede now through the flow capillary channel when tt is full. Thus, f^u.d flow 
through the device can be controlled by either filling or emptying the control cap.Uary w.th 

liquid. 

A similar disposable device is described in International Paten, Application WO-Al- 
97,7324 (David Samoff Research Center). This device uses valves and pumps for 
controlling the now of nuid. The valves used may be of the plunger t>T>e such that t„e 
0 valve has a piston and plunger rod. The diameter of the plunger rods is typ.cally of th. 
order of 60Mm and the piston diameter is typically of the order of 200Mm. 

,n US Patent No. 5.278.079 (Enzymatics Inc.) a diagnostic device having capillary tubes is 
described. The capillary tubes contain a volume of water-expandable polymer whtch forms 



, ,ea, in .he tubes when U U in contact with an aqueous mediunn. Howeve. once seaied. 
the capillary tubes cannot be easily reopened. 

in conventional analysis techniques, Huid handling telies on precisely engineered fluid 
, controllers such as valves, taps and fluid delivery systen,s. These fluid controllers are 
expensive and difficult to manufacture. They are therefore no, appropriate for tnclus.on ... 
disposable units due to their number and cost. 

An aim of the present invention is to overcome the aforementioned problems by providing 
10 a means for varying the flow of fluid along a pathway. 

nur.losure o f Invention , ^ . 

According to a first etnbodiment of the invention there is provided a tnethod of vao„ng the 
^ of fluid flow along a pathway cotnprising the steps of: providing at least one rec«s 
t. located substantially adjacent .he pathway; locating a plug o, deformable matenal tn *e 
pathway so that the materia, substantially restricts the flow of fluid in the pathway; and 
hanging the state of the defot^able material so that at least a portion of the matenal 
passes into the at least one recess thereby permitting flow of the fluid along the pathway. 

.0 Accordin. to a second embodiment of the invention the. is provided method of vao^ns 
the rate o^ fluid flow along a pathway comprising the steps of: providing at least one re. 
located substantially adjacent the pathway: locating a volume of defonnable * 
at leas, one recess: and changing the state of the deformable material so that a, ,e^ 
potion of the materia, passes into the pathway thereby substant.ally restnct.ng How o. 
25 fluid along the pathway. 

According to a third embodiment of the invention there is prov,ded a method of .^-.ns 
the rate of fluid flow a,ong a pathway comprising the steps of: P-'^-=- J J ; 
locatin. a volume of defonnable material in the pathway so that it substant.ally re..nc 
30 the flo: of flutd along the pathway: and chan.ng the state of the defornrable r..^^ 
,h.t. a, least a portion of the material passes along a predetemrined path thereby perm-, 
flow of the fluid along the pathway. 



^„o,a,n» to 3 founh en.bo*n,.n. of .he invenUon U,.re is p.ov.ded 3 n,e>hod of v3^,„g 
a« of f,u. now 3,ons a paU,w3, co.pnsin, .H. s.ps of: p.ov,a,.. a pa*.3. 
o 3.in. 3 vo,u.e Of defonnab.e n,a.e.aa in .h. pathway so .Ha. U su— W p.™.- * 
o fluid a,ons .he pa^way. and changing .he s.a.e of .he defor^ahie .a.ena, so .h 
, 1 ,«s. 3 ponion Of .he .a,eHa. passes aiong a p.ede.en.ned p3a, .he.., suhs.an..3,i, 
resuicing flow of .he fluid along .he pathway. 

Preferably .he p.ede.ennined pa.h is defined by one or more regions .ha. repels or a..r3c.s 
::ltlb,en,3.eri3,.A.gionhavingsuch3proper.yishereinaf.erreferred.o3sb 

10 hydrophobic. 

The s..e of ,he deformable ma.crial may be changed by applying .o *e defomrable 
The state or m ultrasonic energy or a 

material (i) heat, (ii) pressure, (ui) uv radiation, (iv) light, C ) 

combination of any of (i) to (v). 

" ^ccordin. .o a farmer en,bodin.en. of *e invenUon *ere is provided an appara.^ for 
t^!:era.eoff,uidflowa,ongapa*way..heappa«„sinclud.nga.,eas.onepa*wa 

iCe Of deferable .a.e.31 disposed wi.in *e pa*way -^^--J-^ 
oH3n.e Of s.3.e of .he defonnable — causes a change of U,e ra.e of fiu.d fiow alon. 



20 the pathway. 



25 



Accordin. .0 anchor en,bodin,en. of *e invention .he. is provided an apparatus for 
the r3.e of fluid flow along a p3.hway. the apparatus including a, least one path, a 
J;vo,un,e Of defor^able materia, d.sposed ad.cen. the pathway . er^.n ^ ^ 
change of state of .he defonnable material causes a change of the rate 



the pathway. 



The apparatus may also include at least one chamber in fluid connectton with one or more 
. vduL of defor^ab. ma.ena, may be disposed w.thin the at least one 



30 chamber. 
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,hio of receivino deformable material is preferably located 
At least one recess capable ot receivm., 

sub.a„t,aUy adjacent the a, .east one pathway. The at leas, one recess n,ay have an 
opening which acts as a vent in order to perrrdt the now of gas therethrough. 

The apparatus may a,so include at .east one hydrophobic region. Thus the flow of materia, 
is guided along a predetermined path and discouraged from contacting other regions of the 
pathway, chamber, or device. 

The apparatus may include means for the supply and/or removal ot heat from the apparatus 
in olr to increase or decrease the rate of change of state of the deformable mater,.. 
When heat (or other form of energy) is applied to a region of the apparatus conta.ntng the 
deformable material, the materia, may change iu posidon. si^e, stare 

Obstructed becomes unobstructed, and vice versa. 

Heater elements may be printed onto .he apparatus or a heating tool n.ay be used to apply 
Heat to local areas of the apparatus. Alternatively, heat may be applied to or removed from 
larger regions of the apparatus, or to a device which includes the apparatus. For example, 
by dipping into a water bath, heating with an external heater, or by a Peltter. 

' The apparatus may also include means tor the supply of pressure, uv radiation. l.gK 
ultrasol energy, or other suitable means for changing the state ot the deformable 

material. 

. The deformable material may be a thermally activated material. Preferably the thermai.y 
■ activated material is wax. contains or is a polymer such as polypropylene polys., e . 

wax/polymer mix. a metal such as Indium, or any other suitable low melttng pom. en. 

that Chaises i.s s.a,e on application of heat, and on coohng. The te^s therma.ly ac. atec 

material and wax are hereinafter used in.erchangeably. 

,„. summary, fluid flow along a pa.hway of .he appara.us is varied by way of vaU.. o: 
Clamps. Which are preferably fenced from a deformable matenal. The valves and cU.ps 



.ay be opened a„d,or Cosed upon .he appHcaUon of hea., pressure, or other su.,a.,e 
Jans. The vaWes and c.a.ps may a.so be ^o.„ as gares. Hereinafter, a sa.e rha. opens a 
pathway to .he How of Ouid on application of heat is taown as a heat openable gate, 
gate .hat Coses a pathway to the flow of fiu.d on app.ication of heat is Unown as a heat 

closable gate. 



in in; 



one example of a heat openable gate has thennally activated materia, sttuated 
pathway so as to enable *e materia, in i. melted state to flow into at least one rec . 

ubstan ially adjacent the pathway. Air (or other gas) is displaced from the recess by th 
leria, and exits through a vent. A type of heat closable gate has thermally acuva.d 
material situate, in at least one recess substantially adjacent the pathway. As the maten 
in its meltea s.te flows from *e recess in.o the pathway, it is replaced by arr (or other 

gas) via the vent. 

Altema«vCy. (or in addition to *e materia, being situated i„ at .east one recess) .te 
TZ.^ J L Situated in the fluid paUtway such *at the pa^way is either substar,t,a.y 
::;L„y obst„cted. U the U,er.a..y activated materia, is st.bstant,a.ly obstru^ng . 

pathway .hen the pathway may be opened to the flow of fluid by appiyng heat to th. 

:L:Thisisafor,r.ofheatopenab,egate.However.ifthema.eria,isst.uatedsoas„o 

.„ to or only partially, obsuuc. tite flow of fluid, on application of heat the matertal m.,t> 
1 flows so as substantially obs...ct the pathway. This is a form of heat Cosable gate. 

in a further alternative embodiment, thermally activated material may be anange^- 
contact a. least two points on inner surfaces of the apparatus, formtng a clamp. Oa. = 
. may be situated in chambers. Upon application of heat to a Camp, the clamp ^.^^ 

suLes of the Chambers are separated. Thus a pressure dtfferential ts prov.ded to on.. 

fluid along pathways and into, or from, chambers. 

Preferably a. .east one surface contained with.n the apparatus .s res.I.entiy defor^.b. 
,„ T^ is advantageous because it means that tf the surfaces are constn^cted from suftt^en 
p,.ab,e materia,s. pressure may be appUed to a surface, and the surfaces w... return to the 

original state. 



Pa.hways n,ay con.a.n a vo,un,e c, n,a.e.a, so .ha, upon application of pressure a ra« of 
Change of nuid now in .He pathway occu.. The n,a.eria. cay be .hennaUy acva.ed. Thus 
for a hea. Oosab.e pa.hway, a .00, n,ay be used .0 sea, .he pa.hway by connecung .he 
upper and ,ower surface wUh *e .hen.a,.y ac.iva.ed n,a.eria>. Then.a,>y acuva.ed 
I eHa, n,ay no. be required if .he uppe. and ,ower surfaces of *e P^^- JJ ei 
direCy conneced .0 one ano.her. Fo. a hea. openab.e pathway, a .00. ™ay ma.e a ch an 
in .he wax con.ained in *e pa.hway. When .His occurs .he resiUen.iy defon.ab,e . .en. 

. , „r,vious su.e PMhways opened in .his way may be reseated by 
of .he pa.hway re.ums 10 a previous sutcraui , v 

hea.ing and subsequen. cooling of Uie was. 

Preferably .he volumes of deformable material may be accessed independently and 
sequendally to precisely control *e pa* of fluid flow in 0,e apparatus. 

Valves and clamps may be single use sttuc.ures, or may be reusable. 

' The invention may be incorpo..ed in.o a chemical assay device. The assay devi« 
preferably has a. leas, one chamber in fluid connection with at .east one pa^way.^e 
lwaybeingadap.ed to allow f,u,dtonowtoorfromsaidchatnber,cH.™.n^^^ 

Lte is provided a volume of defonnable material in .He pathway whereby .n use. 
.0 ch::ge of state of the deformable material causes a change of .he rate of flu.d How along 

the pathway. 

The deformable material may be situated in the pathway such that the pathway .s 
Is.!n.ia,ly obs.ruc.ed or, alternatively, the materia, may be s.tua.ed ,n .he pathway such 
25 that the pathway is on,y partiahy obsmjcted. 

A, ,east one recess may be located subs.antia„y adjacent the pathway, the recess be.ng 
capaWe of receiving the deformaWe materia,. 

30 According to another embodimen. of .he invention, the assay dev.ce preferabiy h. a. leas, 
trchamber .n Huid connection with at least one pathway, the pathway be,ng adapted .0 
Iw nu,d .0 flow ,0 or from sa,d chamber, charac.ensed ,n .hat there .s pro.ded . 
..o,u,„c of dcfom,„b,e material situated ,n a recess. ,He recess be,„. >oca,ec subs.-.,,.... 



u K nn.:*. a Chance of ihedeformable material causes a Change 
adjacent the pathway whereby, jn use, a change oi 

of the rate of fluid flow along the pathway. 

An opening may be provided in the recess which acts as a vent. 

^ • ^.f^r^-,hl^ envelope and at least two points on the envelope 

The chamber may compose a deformable en% elope an 

„,ay be connected by way of a volume of deformable material. 

. ■ « h.ve at least one hydrophobic portion so that the flow of the 
A region of the device may have at least one nyui y 

10 deformable material is guided along a predetermined path. 

preferably the deformable material is thermally deformable. The material may. however, 
be mechanically deformable. 

„ The device ™. inCude headng means for ..eWng *e ..ennally deferable ma^nal. T^. 
device .ay aUo inCude n,=ans for ..oving Hea< such as, for exampK a .ea. s.^ Hea. 
.ay se>ec.ve,y be applied and/or re:noved from individual wax ga<es and/or damps. 

Preferably a, ieasr one surface defined by or in *e device is res.i.ently deformabie so 
20 the v.ax gates and/or clamps may be mechanically deformed. 

..e device may have a. least one component from the set of: an inlet po.. a .action 
Chamber, a waste depot, a filter chamber, an infinity capture and P^^- 
wash solutiot^reagent rese.oir. an array of metered readout cells, and a breather tube. 

" The assav device is usually rectangular, but other shapes are equally viable, such as discs 
I he.agons. Oep.hs of fiuid pathways and chambers may be 

capilla. actton <say 0.0. to 0.. ™n>. ^"^^ Z^^:. 
millimeter) where the fluid flow ,s to be propelled by „rav,t>, p 
30 r trtfu^a force, or an tnettial force. The aforement.oned d.mens.ons are cons.stent w, 
^Lss'g fluid samples in the range of approximately 30 to 50 m.crol.tres, and are gtven 
by way of example only. 



Accordine .o a funher embodiment of .he invenuon there is provided a method of 
manufacturing an assay device, the method including the steps of: a) def.ning a, ieas, one 
nuid pathway'on a substrate; b) deftning at least one reaction chamber on a substrate; c 
forming at least one component composed of a deformab.e matcnal in the dev.ce; and d) 
bonding together at least two substrates to form the device. 

The body of the assay device is preferably formed from a polymer or from a combination 
of materials including glass, ceramics, or metal. Const^ction may involve injectron 
moulded components, and/or the Joining together o, a number of laminae. Pathways and 
0 Chambers in the assay device may be formed in a plane defined between upper and lower 
planar sheets. Pathways and chamber, may be formed by printing, etching, ablauon, 
utting of the substrate, moulding of a substrate, or a combinaUon of these. More complex 
structures may be realised by building up laminae and providing vias for the flow of flutds 
between adjacent levels. 

" Bonding Of upper and lower potions o, the device is criUcal for its operation. Bonding can 
be achieved by means of scteen printed adhesives containing for example spacer balls, by 
cut adhesive gaslcet materials, by heating sealing, by uv curing, by mechamca, f,x.ng^b> 
Ultrasonic bonding, or by using a porous-gasket technique, for example as descnbed ,n US- 

20 A-4,865,716. 

The assay device may include one or more of the aforementioned gates, valves or Camps, 
preferably each individual gate, valve and/or clamp may be accessed independently one 



from another. 
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wax gates and clamps may also be printed using molten wax or wax d.ssolved tn 
solvent, by iniec.ion of molten wax into the device using feeder tubes, by etcb.ng o h 
device or bv placing individual wax elements within the apparatus using p.cl: ana place 



equipment. 
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P^vision may be made for Huid overflow lines, for collection of waste, and for opening 
and seahn. of the device a. stages from start of use um,l disposal. 



Pn^f n^cirHption of Figures 
reference to the accompanying Figures in which:- 
3 H,u. US a sch«™uc plan view of a che^ca, assay device incorporaang the invention; 

Situated in recesses adjacent the pathway; 

SHOWS a p,an view of tHe patHwav of H.ute .a. wheto the wax ,ate Has Heen 

10 closed upon the application of heat to the gate; 

volutne Of wax is situated in -J— ^^^^^ _ ^„ 

Figure 3b shows a plan view of the pathway or rigur 
15 closed upon the application of heat to the gate; 

of wax is situated in the pathway; 

Ficure 4b shows a cross-section of the pathway of Figure 4a; 
,0 B;re4c Shows a cross-section of the pathway Of Figure 4a, the pathway having been 

closed on application of heat and pressure; 

is situated in the pathway, and recesses adjacent the pathway; 
. P..„.e 5h Shows a plan view of the pathway of P„ute 5a. whete ^^--^^ iZ 
opined upon the application of heat to the gate, wax having flowed tnto the tecesses 

adjacent the pathway; 

30 volume of wax is situated in the pathway; k« h,en 

opened upon the application of heat to the gate; 



f . o=„hwlv having a wax gate which has been closed. 
Figure 7a shows a cross-secucn of a pathway having 

and a heating tool; v,,. k^^-, 

f th. nathwav of Fieure 7a, where the pathway has been 
Figure 7b shows a cross-section of the pathway or rigu 

reopened to the flow of fluid upon application of heat and pressure; 
5 Figure 7c shows a plan view of Figure 7b; 

P„„e S3 Shows . p.an view o, a wax Ca.p used in a chamber, in which .he Camp m.y 

be initially closed or open; 
. r,-urc 8b shows a coss-sccdon of an denied chan,ber having a wax damp; 
,„ Rlure 8c shows a cross-section of an inflated chamber having a wax clamp; 

Pigure 9a shows a plan view of a chamber containing a gas generating mixture in flui^ 
connection with a pathway having an iniUaUy Cosed wax gate; 

Bgu„ 9b shows a plan view of the chamber of Figure 9a havmg an opened wax ,«e 
, wL fluid has flowed into the chamber (under capillar, acUon or external pressure,, a„c 
is in contact with the gas producing material cont^ned within the chamber 

of the chamber by a gas; and 

Rgure 9d shows a cross-section of the chamber and connecting pathway of F.gure 9. 

20 

r....:,,A r,..rrintinn nf-^--^--^ Fn^hodiments 

^i;::;:;;^;;::^;:^^ 2 .0 9 may - ; 



other) devices. 
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Refen^n. to Figure 1. there is shown a chemical assay device 10 Cor analysis of b.ood 
Itrbi losic: nuid. End products of a reaction or assay may be detected us.n. P -. 
methods. Por example, a colour change may be detected by a pho.o-d.ode, oaf,, -o ... 
system or visually. The device has an area typically about 50 cm" and .s -■ . - - 
milhm tres thiCc. The device 10 may be signiHcantly larger or smaller depe„d.„, c . - 
complexity of the processes to be carried out and the volumes of Huit. to be proc= . . . 
,his parttcular embodiment, the assay device .0 ,s conf.gured to cart, ... 



i„.u„o,og-,ca, assay and .his wiU be ..scn^ so as .o nlus.ra,. a n,«hod of operation of 



the invention. 
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Assay device .0 comprises a generally square, substantially planar substrate in wh.ch a 
number of chamber, are interconnected by pathways. Fluid control in the dev,ce 10 ,s by 
„ay of wax eates and clamps, which are shown in Figure 1 in their imt.a, (open or Cosed) 



States. 



The device 10 includes an inlet port 12 in fluid connection with a reactor, (e.g., lys.ng 
0 Chamber 14 via a pathway .2. Chamber 14 leads to waste depot 16 and filter chamber IS 
Via separate fluid channels 14a and 14b respectively. Filter chamber 18 ,s ,n flu.a 
connection with chambers 22 and 24 via respecUve fluid channels 18a and 18b. and w.h 
processing chamber 20. Chamber 22 is initially filled with a wash soluUon, and cnarn^r 
24 is filled with an eluent which is used to displace material from processing chamoer 20. 

" Pr^essins chamber 20 is connected to waste depot 16 via a channel 20. Channel 20a 
leads to an array of metered readout cells 26, 28. 30 and 32. Air from read-out ce s .6 0 
32 exits into channel 16a. A channel 16b is provided and l.nks channels 20a and 16a. Th. 
operation of one of the metered readout cells w.ll now be expla.ned wfj, re.erence .0 

20 readout cell 26 of Figure 1 . 

A region of the analysis area of device 10 comprises a large-bore inle. port 26a leadrng to a 
fixed'-volume cell 26. which in tun, is connected ,0 a natxow-bore outlet tube 26b. Tube 
26b leads to pathway .6a, and ultimately to waste depot 16. The structure compns.ng p.-s 
.5 26a 26 and 26b has a fluid impedance which is dependent on the amount of flu.o ,nere,a. 
Fluid can flow freely into the cell unt„ the narrow-bore section .s reached, at wh,ch stase 
the force needed to continue driving the flu,d ,nto the cell ,s greatly .ncreased. ... 
point the fluid, which flows most readily along the path of least res.stance, dtver.s to . 
conduit leading to the next cel. (28 in this case), and so on. Thus each o, the ceas .6. ... 
30 30 32 is filled in tun,, and the volume of flu.d entering each cell can be controUeo. 



Cha.be. .0 is a,so co„n=c.=d >o c.a„b. 38 Wa a Huid pathway 20h a„a chamber 3S 
,.ads ,o .Kan,bcr 40. Cha,nbers 3S and 40 boU, conuin wax c,an>ps. Bo>h chambers .S an. 

40 are initially deflated. 

, waste depo. 16 connecu .0 breather mbe 13 via pathway 16c, and reservoir 22 leads to 
breather tube 1 1 via pathway 22a. Bteather tubes 1 1 and 13 ensure that Huid ntoves fre 
Within the device. Also tubes .1 and 13. when connected to non-criucal regtons. ensure 
that any excess nuid does not interfere with any on-going analysts. 

«eservoir24isconnec.ed.ochan,ber42viapa.hway24a.Cha.r,ber42ispre.lM.2: 
dty mixture which, when in cont^t with a li,uid. produces a gas. Th,s 

diagrammatically in Figure 9. 

wax gates are situated in fluid pathways in order to control flow of fl..id betw«n the 
. chanrL. In Hgure 1. gat. - shown -ir inlual states. For exatnp.e. fl™^^ ow 
inidally obstructed at gate 34. whereas iniUally fluid is allowed to flow freely through gate 



36. 



Referrin. a»ain to Hgure 1. a typical sequence of events for an inununo.ogtca, assay .s 
„ ^T::J^. a Mood santple (not shown, is i.ected .nto the assay device v,a .nlet 
n. Blood nns reaction chamber 14 by capillary act.on and/or ".-s-c press.. 

u . A.r^x 1 6 Via oathway 14a. The blood remains in chamber 14 
excess blood enters the waste depot 16 via patnway . ■ . 

r as long as is required for cell lysing to occur with a reagent. The reagent .s — 
,n.o this Chamber .n a predetermined dose duHng the manufacture of the dev^. Hea 

release clamp 48 thereby actuating partial vacuum chamber 38. 

The lysed blood is then urged through filter chamber .8 by way of a partta, vacuum anc 
set.,: nns processing chamber 20. .n antigen .n the blood serum then or., o . 
,0 antibody which has been tagged onto, for example, g.ass or ceram.c beads (not 
the beads are pre-dosed and introduced in chamber 20 at the manufacturing stage. 



Th= serurr. ,s m.„ washed from ,he glass beads in chamber 20 by acivaUng hea.ers a, 
.a.es 50 52 and 54. and clamp 56. A partial vacuum in chamber 40 draws wash nuid from 
chamber 22 through chamber 20 leaving the anugen bound to the particles in chamber 20. 
Waste wash solution and serum enter chambers 38 and 40. 

The next step is elation. ActivaUng heaters placed at gates 57, 58, 60, 36, 34 and 62 allow 
.he fluid in the reagent reservoir 24 to wet a gas producing powder. Fluid is then dnven by 
the gas through chamber 20 towards analysis cells 26. 28, 30 and 32. As eiuent from 
reservoir 24 passes through chamber 20. antigen is released from the beads and carried ,n 

0 the eluent to the analysis cells. These cells contain reagents such as enzyme systems wh.ch 
react with the antigen, causing either a colour change in the solution, or a change .n 
fluorescence. Any recognised method of optica, analysis can then be used for detecuon and 
measurement of end products of the reactions. Once cells 26. 28. 30 and 32 are fil ed 
resistance to fluid flow increases in the narrow exit channels 26b. 28b. 30b. and 32b. 

15 Excess fluid is then expelled to waste depot 16 through channel 16b. 

, ,„= f.f. f.R and 70 seal the fluids within the device for 
Finally, activating heaters at gates 66, 68 and /u seai 

hygienic disposal. 

,0 Further embodiments of the invenUon are descdbed now with reference to Hgures 2 to 9 

inclusive. 

pa;hway to the flow of fluid on appUcation of heat. A volume of wax is conta.ned in recess 
„ 72 Pathway 75 has a region of hydrophobicity 76 in order to guide the flow of wax. Upo„ 
application of heat to gate 73. the wax melts and flows (guided by the hydrophobic reg,on, 

replaces the wax in recess 72. Thus air prevents nowbac. of the molten wax. As the . ... 
cools, fluid flow along the pathway becomes obstructed. 

,n Figure 3 a plan view of a section o, pathway having a wax gate 77 is shown. Gate 77 
closes pathway 75 to the flow of fluid on appUcation of heat to the gate. A volume of . 
78 is s„ua,ed in .he path of the fluid, only panial.y obs.mcting the flu.d flo... Upcr. 
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application of hea, .o .h= ga.e, .he wa. .eUs'lnd fows .o b,oc. .he pathway gu.ded b, .he 
al of hydrophobicity 76. As .he wax cools nuld now along .he pa.hway becomes 

obstructed. 

4 shows ano.her fonn of heat closable pa.hway. A volume of wax 78 is si.uated ,n 
palhway 75. only pat^ally obstntcUns U,e flow of fluid. In o.der .o bloc, .he chann^, a 
- Iveable hea. sealing .ool SO is used .0 apply bo. pressure and heat, --P'--= - 

Led fron. defonnable n.a.eHal. If 0,= defonnable „a.e.aVca„ be Erectly sealed to the 
second sheet (by hea.. pressure or oOterwise). then wax is not requ.red. 

Figures 5. 6 and 7 all represent forn. of hea. openable pathways, .ha. is, wax gates .at are 
inidally closed to fluid flow in 4e paOiway. 

5 shows a plar, view of a secdon of a pa^way 75 having a ga,e 79 .ha. opens dte 
paC .o .he flol of fluid on applicadon of hea. .o dre ga.e. A volume of wax .s s,.uate 
nl pa.hway between .wo recesses 7Z The recess has a region of hydropKob.cty -6 .n 
guid .he flow Of wax. Upon applicadon of hea. to .he ga.e, ,he wax melts a 

, preventing flowback of .he moUen wax. As .he wax cools the fluid pathway opens. 

Referrin. .o Figure 6, .here is shown a plan view of a sec.ion of pathway 75 having 
wax gate SI. The ga.e opens .he pa.way .0 the fl.v o fl.o o 
app,ica.ion of heat .o .he gate. A volume of wax 7S ,s situated ,n the p. f . 
„ p eventing fluid flow. Upon application of heat to Utis wax gate, the wax me a c .. 

in the pathway guided by the area of hydn>phobicity 76. As the wax cools, th- au.. 
pathway permits fluid to flow along the pathway. 

P,gure 7 Shows another heat openabie gate s.tuated .n pathway 75. A volume of . ... 7S = 
,0 si.ua.ed in .he pa.hway. obs.,.c.,ng .he flow of fluid. In order .o open tne pamwa, , - -Uo^ 
rflowoffluid.amoveab,ehea.seaIing.oolSOisused.oapplybothpressurea™ 

the pathway. The shape of .his heat sealable .ool allows .he wax to be defon^ed, fo....n, - 
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. ;ic nrioinal siaie and leave ihe 

deformable and resilient, so that the sheet may return to Us on^.nal 

pathway open. 

,„ addition ,o .he aforementioned wax valves, cotnponents to actuate flutd flow tnay be 
requited. Capillar, action tnay be used to provide sotne fluid movement, and this can be 
extended by opening further fiUable or absorbent areas or by opening valves of the types 
previously described. However, greater flexibility is achieved by employing st^ctures 
capable of generating pressure differentials, and these are shown in Figures 8 and 9. 

Pi.ure 8 shows a chamber 38 containing a wax Camp 78. Changing the shape and volume 
of°chamber 38 provides a pressure differential to drive (or suc« fluid tn the connected 
pathways and chambers. Two sheets of synthetic plastics matertal 37a ^'J^^'^^^ 
ogether using a volume of wax 78 in order to produce a deflated cham^r 38. Upon 
application of heat, wax Camp 78 melts. This allows the surfaces of "r ^« '° 
separate thereby inflaUng the chamber. This results in a pressure change and fltud s 
suCed through interconnecting pathways. Chamber 38 may be returned to tts defl ted 
state by the application of an external pressure (shown in the direction of arrow A) and b, 
heating the wax. As the wax cools, the deformable surfaces are flxed together. 

, Bgure 9 shows a futrher means of generating pressure in order to dnve the flow of fltnd^ 
Figure 9 shows a chamber 88 connected .0 a pathway having a closed wax gate 86. Th 
chLer contains a dt, gas generating mixture 8.. for example sodium bicarbonate w. .. 
tanaric acid. On applying heat to the wax gate 86. the wax flows to unbloCt the pathw. 
85 A solution 84 flows into the chamber 88, wetting the gas generaung n^xture a.,c 
. causing the generation of a gas. The gas increases the pressure ins.de the chamber, e,ec^.n 
.he li,u,d that has flowed into the chamber and propCling it along one or mo., 
interconnecting pathways. In addition to the gas generating m.xture, - - - 

matting which acts as a wick. 

-n,e invention has been described by way of a number of embod.ments. and it will b 
' appreciated that variation may be made to these embodiments w,.hou. depan.ng from .h 

scope of the invention. 
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Claims 



. A method of varying the rate of fluid flow along a pathway (75) comprising the steps 
of: providing at least one recess (72) located substantially adjacent the pathway (75); 
locating a plug of deformable material (78) in the pathway so that the material 
substamially restricts the flow of fluid in the pathway; and changing the state of the 
deformable material so that at least a portion of the material passes into the at least one 
recess thereby permitting flow of the fluid along the pathway. 

L A method of varying the rate of fluid flow along a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); 
locating a volume of deformable material (78) in the at least one recess; and changing 
the state of the deformable material so that at least a portion of the material passes into 
the pathway thereby substantially restricting flow of the fluid along the pathway. 

3. A method of vao'ing the rate of fluid flow along a pathway (75) comprising the steps 
of: providing a pathway (75); locating a volume of deformable material (78) in the 
pathway so that it substantially restricts the flow of fluid along the pathway (75); and 
changing the state of the deformable material so that at least a portion of the material 
(78) pasls along a predetermined path thereby permitting flow of the fluid along the 
pathway. 

4. A method of varying the rate of fluid flow along a pathway (75) comprismg the steps 
of: providing a pathway (75); locating a volume of deformable material (78) in the 
pathway so that it substantially permits the flow of fluid along the pathway: anc 
changing the state of the deformable material so that at least a portion of the m.tena. 
(78) passes along a predetermined path thereby substantially restricting flow of the iluic 
along the pathway. 

5. A method according to claim 3 or claim 4 wherein the predetermined path is defined b> 
one or more hydrophobic regions (76). 
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6 A m.thod according ,0 claims 1 to 5 whereby ihe state of tl,e deforr„ab.e material (78) 
is changed by applying to said material (i) heat, (ii) pressure, (ii.) uv radiauon. (iv) 
light. (V) ultrasonic energy or a combination of any of (i) to (v). 

7 Apparatus for varying the rate of fluid How along a pathway (75). the apparatus 
including at least one pathway (75) and a volume of deformable material (78) disposed 
within ate pathway whereby, in use. a change of state of the deformable material causes 
£ change of the rate of fluid flow along the pathway. 

8 Apparatus for varying the rate of fluid now along a pathway (75). the apparatus 
including at least one pathway (75) and a volume of deformable material (78) disposed 
adjacent the pathway whereby, in use. a change of state of the deformable matenal 
causes a change of the rate of fluid flow along the pathway. 

9. Apparatus according to claim 7 or 8 further including at least one chamber in fluid 

connection with the pathway. 

10. Apparatus according to claim 9 wherein a volume of deformable material .s dtsposed 
within the chamber. 

1 1 Apparatus according to any of claims 7 to 10 wheretn at least one recess (72) capable 
of receiving deformable material is located substantially adjacent the pathway (7=). 



n. Apparatus according to claim 1. where.n the a, least one recess (72) has an openm, 
(74) which acts as a vent in order to permit the flow of gas therethrough. 

13. Apparatus according to any of claims 7 to 12 including at least one hydrophobic reg.on 
(76) in order to guide fluid along a predetermined path. 

,■4 Apparatus according to any of claims 7 to 13 including means for the supply and/o, 
removal of heat from the apparatus in order to increase or decrease the rate of change o 

siaie of the deformable material. 
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15 Apparatus according to any of claims 7 to 14 including means for the supply of (0 
pressure, (ii) uv radiation, (iii) light, (iv) ultrasonic energy or a combination of any of 
(i) to (iv) to the apparatus m order to change the state of the deformable matenal. 

A- t« onv r.f rlaims 7 to 15 wherein the deformable material (78) 

16. Apparatus accordmg to any ot claims / to u 

includes a polymer. 

«f ,-io;rY,c 7 tn 15 wherein the deformable material (78) 

17. Apparatus accordmg to any of claims 7 to i:) wnerem ui 

includes polypropylene polystyrene. 

18 An assay device (10) having a. leas, one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the pathway being adapted to allow fluid to flow toffrom sa.d 
chamber (14), charactedsed in that there is provided a volume of deformable matenal 
(46) in the pathway (14b), wheteby. in use. a change of state of the deformable matenal 
causes a change of the rate of fluid flow along the pathway. 

19 An assav device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a. 14b) the pathway being adapted to allow fluid to flow to/from sa,d 
chamber (14). characterised in that there is provided a volume of defonnable matenal 
(44) situated in a recess, the recess being located substantially adjacent the pathway 
(14a). whereby, in use. a change of state of the defonnable material causes a change of 
the rate of fluid flow along the pathway. 

20. A device (10) according to claim 18 wherein there is at least one recess located 
substantially adjacent the pathway (14b). 

21. A device (10) accordmg to any of claims 18 to 20 wherein an openmg is provided, the 
opening acting as a vent to or from the recess. 
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22. A device (10) according to claim. 18 wherein the defonnable material (46) is situated in 
the pathway (14b) such that the pathway is panially obstructed. 



23 A device (10) according to any of claims'fs to 22 wherein the chamber (38,40) 

comprises a deformable envelope and at least two points of the envelope are connected 
by way of a volume of deformable material (48.56). 

5 24 A device (10) according to any of claims 18 to 23 wherein a reg.on of the device has a. 
least one hydrophobic portion so that the flow of the deformable material ,s gu.ded 
along a predetermined path. 

4^ ^io;t^c 1 r rn 94 wherein the deformable material is 

25. A device (10) according to any of claims IS to /4 wnerein u 

10 thermally deformable. 

4: >,i^;*^o 1 ft tr* 94. wherein the deformable material is 

26. A device (10) according to any of claims 18 to 24 wtierem me 

mechanically deformable. 
,5 27.Adevicc(10)accordingto3„yofclaims 18 ,o 26 fur*er including he.tog means 
(80). 

28. A device (10) according .o any of claims 18 to 27 funh.r including a means for 

removing heat. 

29. A device (10) according to any of claims 18 to 28 wherein the at leas, one surface 
defmed by or in the device is resilienUy deformable. 

30 A device (10) according .0 any of claims 18 to 29 wherein a plurality of volumes 0= 
,5 defonnable materia, are provided, each volume being access.ble mdependenth or,= 

from another. 

31 A device (10) accordtng to any of claims 18 to 30 having at leas, one componen. i^m 
the set of: an inlet port (12). a reaction chamber (14). a waste depot (16). a .„.er 
chamber (.8). an infmity capture and processtng chamber (20), a wash solut.on/reasent 

. reset^oir (22), an array of meteted n=adout cells (26,28.30.32). and a breather tube (1 1. 
13). 
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32. A device (10) according to any of claims 18 to 31, m which heat is selectively appHed 
to one or more of the volumes of the deformable material. 

33. A device (10) according to any of claims 18 to 32. in which heat is selectively removed 
from one or more volumes of the deformable material. 

34. A device (10) according to any of claims 18 to 33, in which pressure is selectively 
applied to at least one region contained within the device. 

35 A method of manufacturing an assay device (10), including the steps of: a) defining at 
least one fluid pathway (14a) on a substrate; b) defming at least one reaction chamber 
(14) on a substrate; c) forming at least one component composed of a deformable 
material (44) in the device; and d) bonding together at least two substrates to form the 
device (10). 



36. A method of manufacturing the device (10) according to claim 35. wherein the at least 
one fluid pathway (14a) may be formed by: a) printing, b) etching, c) ablation, d) use ol 
a mould, e) cutting, or a combination of any of steps a) to e). 



37 A method of manufacturing the device (10) according to claim 35, wherem the at least 
one reaction chamber (14) is formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

38 A method of manufacturing the device (10) according to claim 35. wherein the at least 
one component (44) composed of a deformable material is formed by: a) printing of the 
deformable material onto the substrate, b) etching, c) pick-and-placing of components, 
d) injection of molten material into dev.ce using feeder tubes, or a combination of steps 
a) to d). 

0 39. A method of manufacturing the device (10) according to claim 35. wherein the at leas 
one substrate is bonded by: a) adhesives. b) curing, c) mechanical fixing, d) heating, e 
anodic bonding, or a combination of steps a) to e). 
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40. Apparatus substantially as described herein with reference to Figures 2 to 9. 

41. A device (10) substantially as described with reference to Figure 1. 

42. A method of performing chemical analysis substantially as described with reference to 
the Figures, 

43. A method of varying the rate of fluid flow along a pathway substantially as described 
herein with reference to the Figures. 
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APPARATUS FOR, AND METHOD OF, VARYING THE 
RATE OF FLOW OF FLUID ALONG A PATHWAY 



Technical Field 

This invention relates to an apparatus for and method of varying the rate of flov^ of a fluid 
along a pathway. More particularly, but not exclusively, the invention varies the rate of 
flow of fluid along a pathway in a wet chemistry analysis system. 

Background Art 

A common feature of all "wet chemistry" analysis or assay systems is that analyte, together 
with one or more reagents, usually passes through a series of processes or procedures. 
These include: mixing, reacting, incubating, filtering, decanting, metering and dividing. In 
short, some form of fluid handling is a common and important feature of most assay 
systems. 

International Patent Application WO-Al-9419484 (Biocircuits Corporation) describes a 
disposable device for use in diagnostic assays and comprises a number of chambers and 
interconnecting pathways. Capillary valves are used to enhance control over fluid flow in 
the device. One type of capillary valve comprises a fluid flow capillary channel and a 
control capillary channel which intersect each other at right angles. The intersection 
disrupts fluid flow in the flow capillary channel when the control capillary is empty, but 
does not impede flow through the flow capillary channel when it is full. Thus, fluid flow 
through the device can be controlled by either filling or emptying the control capillary with 
liquid. 

A similar disposable device is described in International Patent Application WO-Al- 
9727324 (David Samoff Research Center). This device uses valves and pumps for 
controlling the flow of fluid. The valves used may be of the plunger type such that the 
valve has a piston and plunger rod. The diameter of the plunger rods is typically of the 
order of 60/^ m and the piston diameter is typically of the order of 200 /xm. 

In US Patent No. 5,278,079 (Enzymatics Inc.) a diagnostic device having capillary tubes is 
described. The capillary tubes contain a volume of water-expandable polymer which forms 
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AMENDED CLAIMS 

[received by the International Bureau on 27 July 1999 (27.07 .gg); 
original claims 1-43 replaced by new claims 1-52 (7 pages)] 

L An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the pathway being adapted to allow fluid to flow to/from said 
chamber (14), characterised in that there is provided a volume of deformable material (46) 
in the pathway (14b), which, in use, changes its state so as to cause a change of the rate of 
fluid flow along the pathway. 

2. An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b) the pathway being adapted to allow fluid to flow to/from said 
chamber (14), characterised in that there is at least one recess located substantially 
adjacent the pathway and, situated in the recess, there is provided a volume of deformabie 
material (44) which, in use, changes its state so as to cause a change of the rate of fluid 
flow along the pathway- 
s' An assay device (10) according to claim 1 wherein there is at least one recess located 
substantially adjacent the pathway (14b). 

4. An assay device (10) according to any of claims 1 to 3 wherein an opening is provided, 
the opening acting as a vent to or from the recess. 

5. An assay device (10) according to claim 1 wherein the deformable material (46) is 
situated in the pathway (14b) such that the pathway is partially obstructed. 

6. An assay device (10) according to any of claims 1 to 5 wherein the chamber (38,40) 
comprises a deformable envelope and at least two points of the envelope are connected by 
way of a volume of deformable material (48,56). 

7. An assay device (10) according to any of claims 1 to 6 wherein a region of the device has 
at least one hydrophobic portion so that the flow of the deformable material is guided 
along a predetermined path. 

8. An assay device (10) according to any of claims 1 to 7 wherein the deformable material is 
thermally deformable. 

9. An assay device (10) according to any of claims 1 to 7 wherein the deformable material is 
n^echanically deformable. ^^^^^^^ ^^^^ ^^^^^^^ 
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10. An assay device (10) according to any of claims 1 to 9 further including heating means 
(80), 

11. An assay device (10) according to any of claims 1 to 10 further including a means for 
removing heal. 

12. An assay device (10) according to any of claims 1 to 1 1 wherein the at least one surface 
defined by or in the device is resiliently deformable. 

13. An assay device (10) according to any of claims 1 to 12 wherein a plurality of volumes of 
deformable material are provided, each volume being accessible independently one from 
another. 

14. An assay device (10) according to any of claims 1 to 13 having at least one component 
from the set of: an inlet port (12), a reaction chamber (14), a waste depot (16), a filter 
chamber (18), an infinity capture and processing chamber (20), a wash solution/reagent 
reservoir (22), an anray of metered readout cells (26,28,30,32), and a breather tube (11, 
13). 

15. An assay device (10) according to any of claims 1 to 14, in which heat is selectively 
applied to one or more of the volumes of the deformable material. 

16. An assay device (10) according to any of claims 1 to 15, in which heat is selectively 
removed from one or more volumes of the deformable material. 

17. An assay device (10) according to any of claims 1 to 16, in which pressure is selectively 
applied to at least one region contained within the device. 

18. An assay device (10) having: a) at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the at least one pathway being adapted to allow fluid to flow 
to/from said at least one chamber (14); b) a volume of deformable material (46) situated in 
the pathway (14b) which, in use, changes its state so as to cause a change of the rate of 
fluid flow along the pathway; and c) at least one hydrophobic portion which defines a path 
along which the deformable material is guided. 
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19. An assay device (10) having: a) at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the at least one pathway being adapted to allow fluid to flow 
to/from said at least one chamber (14); b) at least one recess located substantially adjacent 
the pathway; c) a volume of deformable material (44) situated in the recess which, in use, 
changes its state so as to cause a change of the rate of fluid flow along the pathway; and d) 
at least one hydrophobic portion which defines a path along which the deformable material 
is guided. 

20. A method of manufacturing the assay device (10) of any of claims 1 to 19, including the 
steps of: a) defining at least one fluid pathway (14a) on a substrate; b) defining at least one 
reaction chamber (14) on a substrate; c) forming at least one component composed of a 
deformable material (44) in the device; and d) bonding together at least two substrates to 
form the device ( 10). 

21. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one fluid pathway (14a) may be formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

22. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one reaction chamber (14) is formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

23. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one component (44) composed of a deformable material is formed by: a) printing of the 
deformable material onto the substrate, b) etching, c) pick-and-placing of components, d) 
injection of molten material into device using feeder tubes, or a combination of steps a) to 
d). 

24. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one substrate is bonded by: a) adhesives, b) curing, c) mechanical fixing, d) heating, e) 
anodic bonding, or a combination of steps a) to e). 

25. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including 
at least one pathway (75) and a volume of deformable material (78) disposed within the 
pathway whereby, in use, a change of state of the deformable material causes a change of 
the rate of fluid flow along the pathway. 
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26. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including 
at least one pathway (75) and a volume of deformable material (78) disposed adjacent the 
pathway whereby, in use, a change of state of the deformable material causes a change of 
the rate of fluid flow along the pathway. 

27. Apparatus according to claim 25 or 26 further including at least one chamber in fluid 
connection with the pathway. 

28. Apparatus according to claim 27 wherein a volume of deformable material is disposed 
within the chamber. 

29. Apparatus according to any of claims 25 to 28 wherein at least one recess (72) capable of 
receiving deformable material is located substantially adjacent the pathway (75). 

30. Apparatus according to claim 29 wherein the at least one recess (72) has an opening (74) 
which acts as a vent in order to permit the flow of gas therethrough. 

31. Apparatus according to any of claims 25 to 30 including at least one hydrophobic region 
(76) in order to guide fluid along a predetermined path. 

32. Apparatus according to any of claims 25 to 31 including means for the supply and/or 
removal of heat from the apparatus in order to increase or decrease the rate of change of 
state of the deformable material. 

33. Apparatus according to any of claims 25 to 32 including means for the supply of (i) 
pressure, (ii) uv radiation, (iii) light, (iv) ultrasonic energy or a combination of any of (i) to 
(iv) to the apparatus in order to change the state of the deformable material. 

34. Apparatus according to any of claims 25 to 33 wherein the deformable material (78) 
includes a polymer. 

35. Apparatus according to any of claims 25 to 33 wherein the deformable material (78) 
includes polypropylene polystyrene. 

36. Apparatus according to any of claims 25 to 30 including at least one hydrophobic portion 
(76) which defines a path along which deformable material is guided. 
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37. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including: 
a) at least one pathway (75); b) a volume of defonnable materia! (78) disposed within the 
pathway, which, in use, changes its state so as to cause a change of the rate of fluid flow 
along the pathway; and c) at least one hydrophobic region (76) which defines a path along 
which deformable material is guided. 

38. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including: 
a) at least one pathway (75); b) a volume of deformable material (78) disposed adjacent 
the pathway, which, in use, change its state so as to cause a change of the rate of fluid flow 
along a pathway; and c) at least one hydrophobic region (76) which defines a path along 
which deformable material is guided. 

39. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a plug of deformable material (78) in the pathway so that the material substantially 
restricts the flow of fluid in the pathway; and changing the state of the deformable material 
so that at least a portion of the material passes into the at least one recess thereby 
permitting flow of the fluid along the pathway. 

40. A method of varying the rate of fluid flow along a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a volume of deformable material (78) in the at least one recess; and changing the state of 
the deformable material so that at least a portion of the material passes into the pathway 
thereby substantially restricting flow of the fluid along the pathway. 

41. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially resuncts the flow of fluid along the pathway (75); and changing the 
state of the deformable material so that at least a portion of the material (78) passes along a 
predetermined path thereby permitting flow of the fluid along the pathway. 

42. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially permits the flow of fluid along the pathway; and changing the state of 
the deformable material so that at least a ponion of the material (78) passes along a 
predetermined path thereby substantially restricting flow of the fluid along the pathway. 

y^n.^c^^nc^ cucct mptipi c iq^ 
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43. A method according to claim 41 or claim 42 wherein the predetermined path is defined by 
one or more hydrophobic regions (76). 

44. A method according to clainis 39 to 42 whereby the state of the deformable material (78) 
is changed by applying to said material (i) heat, (ii) pressure, (iii) uv radiation, (iv) light, 
(v) ultrasonic energy or a combination of any of (i) to (v). 

45. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a plug of deformable material (78) in the pathway so that the material substantially 
restricts fluid flow in the pathway; and changing the state of the deformable material so 
that at least a portion of the material passes along a predetermined path into the at least one 
recess thereby permitting flow of the fluid along the pathway, wherein the predetermined 
path is defined by one more hydrophobic regions. 

46. A method of varying the rate of fluid flow along a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a volume of deformable material (78) in the at least one recess; and changing the state of 
the deformable material so that at least a portion of the material passes along a 
predetermined path into the pathway thereby substantially restricting flow of the fluid 
along the pathway, wherein the predetermined path is defined by one or more hydrophobic 
regions. 

47. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially restricts fluid flow along the pathway (75); and changing the state of 
the deformable material so that at least a portion of the material (78) passes along a 
predetermined path thereby permitting flow of the fluid along the pathway, wherein the 
predetermined path is defined by one or more hydrophobic regions. 

48. A method of varying the rate of fluid flow along a first pathway (75) comprising the steps 
of: providing a first pathway (75); locating a volume of deformable material (78) in the 
first pathway; flowing a fluid along the first pathway past the material; and changing the 
state of the material so that at least a portion of the material (78) passes along a second 
pathway so as to restrict fluid flow along the first pathway, said second pathway being 
defined by one or more hydrophobic regions. 
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APPARATUS FOR, AND METHOD OF, VARYING THE 
RATE OF FLOW OF FLUID ALONG A PATHWAY 

5 Technical Field 

This invention relates to an apparatus for and method of varying the rate of flow of a fluid 
along a pathway. More particularly, but not exclusively, the invention varies the rate of 
flow of fluid along a pathway in a wet chemistry analysis system. 

10 Background Art 

A conamon feature of all "wet chemistry" analysis or assay systems is that analyte, together 
with one or more reagents, usually passes through a series of processes or procedures. 
These include: mixing, reacting, incubating, filtering, decanting, metering and dividing. In 
short, some form of fluid handling is a common and important feature of most assay 
15 systems. 

International Patent Application WO-A 1-94 19484 (Biocircuits Corporation) describes a 
disposable device for use in diagnostic assays and comprises a number of chambers and 
interconnecting pathways. Capillary valves are used to enhance control over fluid flow in 

20 the device. One type of capillary valve comprises a fluid flow capillary channel and a 
control capillary channel which intersect each other at right angles. The intersection 
disrupts fluid flow in the flow capillary channel when the control capillary is empty, but 
does not impede flow through the flow capillary channel when it is full. Thus, fluid flow 
. through the device can be controlled by either filling or emptying the control capillary with 

25 hquid. 

A similar disposable device is described in International Patent Application WO-Al- 
9727324 (David Samoff Research Center). This device uses valves and pumps for 
controlling the flow of fluid. The valves used may be of the plunger type such that the 
30 valve has a piston and plunger rod. The diameter of the plunger rods is typically of the 
order of 60;Um and the piston diameter is typically of the order of 200 /im. 

In US Patent No. 5,278,079 (Enzymatics Inc.) a diagnostic device having capillary tubes is 
described. The capillary tubes contain a volume of water-expandable polymer which forms 
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a seal in the tubes when it is in contact with an aqueous medium. However, once sealed, 
the capillary tubes cannot be easily reopened. 

In conventional analysis techniques, fluid handling relies on precisely engineered fluid 
5 controllers such as valves, taps and fluid delivery systems. These fluid controllers are 
expensive and difficult to manufacture. They are therefore not appropriate for inclusion in 
disposable units due to their number and cost. 

An aim of the present invention is to overcome the aforementioned problems by providing 
10 a means for varying the flow of fluid along a pathway. 



Disclosure of Invention 

According to a first embodiment of the invention there is provided a method of varying the 
rate of fluid flow along a pathway comprising the steps of: providing at least one recess 
15 located substantially adjacent the pathway; locating a plug of deformable material in the 
pathway so that the material substantially restricts the flow of fluid in the pathway; and 
changing the state of the deformable material so that at least a portion of the material 
passes into the at least one recess thereby permitting flow of the fluid along the pathway. 

20 According to a second embodiment of the invention there is provided method of varying 
the rate of fluid flow along a pathway comprising the steps of: providing at least one recess 
located substantially adjacent the pathway; locating a volume of deformable material in the 
at least one recess; and changing the state of the deformable material so that at least a 
portion of the material passes into the pathway thereby substantially restricting flow of the 

25 fluid along the pathway. 

According to a third embodiment of the invention there is provided a method of var>ang 
the rate of fluid flow along a pathway comprising the steps of: providing a pathway; 
locating a volume of deformable material in the pathway so that it substantially restricts 
30 the flow of fluid along the pathway; and changing the state of the deformable material so 
that at least a portion of the material passes along a predetemiined path thereby permitting 
flow of the fluid along the pathway. 
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According to a fourth embodiment of the invention there is provided a method of varying 
the rate of fluid flow along a pathway comprising the steps of: providing a pathway; 
locating a volume of deformable material in the pathway so that it substantially permits the 
flow of fluid along the pathway; and changing the state of the deformable material so that 
at least a portion of the material passes along a predetermined path thereby substantially 
restricting flow of the fluid along the pathway. 

Preferably the predetermined path is defined by one or more regions that repels or attracts 
the deformable material. A region having such a property is hereinafter referred to as being 
hydrophobic. 

The state of the deformable material may be changed by applying to the deformable 
material (i) heat, (ii) pressure, (iii) uv radiation, (iv) hght, (v) ultrasonic energy or a 
combination of any of (i) to (v). 

According to a further embodiment of the invention there is provided an apparatus for 
varying the rate of fluid flow along a pathway, the apparatus including at least one pathway 
and a volume of deformable material disposed within the pathway whereby, in use, a 
change of state of the deformable material causes a change of the rate of fluid flow along 
the pathway. 

According to another embodiment of the invention there is provided an apparatus for 
varying the rate of fluid flow along a pathway, the apparatus including at least one pathway 
and a volume of deformable material disposed adjacent the pathway whereby, in use, a 
change of state of the deformable material causes a change of the rate of fluid flow along 
the pathway. 



The apparatus may also include at least one chamber in fluid connection with one or 
pathways. A volume of deformable material may be disposed within the at least one 
chamber. 
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At least one recess capable of receiving deformable material is preferably located 
substantially adjacent the at least one pathway. The at least one recess may have an 
opening which acts as a vent in order to permit the flow of gas therethrough. 

The apparatus may also include at least one hydrophobic region. Thus the flow of material 
is guided along a predetermined path and discouraged from contacting other regions of the 
pathway, chamber, or device. 

The apparatus may include means for the supply and/or removal of heat from the apparatus 
in order to increase or decrease the rate of change of state of the deformable material. 
When heat (or other form of energy) is applied to a region of the apparatus containing the 
deformable material, the material may change its position, size, state or function. This 
causes a rate of change in the fluid flow in the pathway. Thus a pathway which is initially 
obstructed becomes unobstracted, and vice versa. 

Heater elements may be printed onto the apparatus or a heating tool may be used to apply 
heat to local areas of the apparatus. Alternatively, heat may be applied to or removed from 
larger regions of the apparatus, or to a device which includes the apparatus. For example, 
by dipping into a water bath, heating with an external heater, or by a Peltier. 

The apparatus may also include means for the supply of pressure, uv radiation, hght, 
ultrasonic energy, or other suitable means for changing the state of the deformable 
material. 

The deformable material may be a thermally activated material. Preferably the thermally 
activated material is wax, contains or is a polymer such as polypropylene polystyrene, a 
wax/polymer mix, a metal such as Indium, or any other suitable low melting point material 
that changes its state on application of heat, and on cooling. The terms thermally activated 
material and wax are hereinafter used interchangeably. 

In summary, fluid flow along a pathway of the apparatus is varied by way of valves, or 
clamps, which are preferably formed from a deformable material. The valves and clamps 
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may be opened and/or closed upon the application of heat, pressure, or other suitable 
means. The valves and clamps may also be known as gates. Hereinafter, a gate that opens a 
pathway to the flow of fluid on application of heat is known as a heat openable gate. A 
gate that closes a pathway to the flow of fluid on application of heat is known as a heat 
closable gate. 

One example of a heat openable gate has thermally activated material situated in the 
pathway so as to enable the material in its melted state to flow into at least one recess 
substantially adjacent the pathway. Air (or other gas) is displaced from the recess by the 
material and exits through a vent. A type of heat closable gate has thermally activated 
material situated in at least one recess substantially adjacent the pathway. As the material 
in its melted state flows from the recess into the pathway, it is replaced by air (or other 
gas) via the vent. 

Alternatively, (or in addition to the material being situated in at least one recess), the 
material may be situated in the fluid pathway such that the pathway is either substantially 
or partially obstructed. If the thermally activated material is substantially obstructing the 
pathway, then the pathway may be opened to the flow of fluid by applying heat to the 
material. This is a form of heat openable gate. However, if the material is situated so as not 
to, or only partially, obstruct the flow of fluid, on application of heat the material melts 
and flows so as substantially obstruct the pathway. This is a form of heat closable gate. 

In a further alternative embodiment, thermally activated material may be arranged to 
contact at least two points on inner surfaces of the apparatus, forming a clamp. Clamps 
may be situated in chambers. Upon application of heat to a clamp, the clamp melts, and 
surfaces of the chambers are separated. Thus a pressure differential is provided to drive 
fluid along pathways and into, or from, chambers. 

Preferably at least one surface contained within the apparatus is resiliently deformable. 
This is advantageous because it means that if the surfaces are constructed from sufficiently 
pliable materials, pressure may be applied to a surface, and the surfaces will return to their 
original state. 
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Pathways may contain a volume of material so that upon application of pressure, a rate of 
change of fluid flow in the pathway occurs. The material may be thermally activated. Thus 
for a heat closable pathway, a tool may be used to seal the pathway by connecting the 
upper and lower surfaces with the thermally activated material. Thermally activated 
material may not be required if the upper and lower surfaces of the pathway may be 
directly connected to one another. For a heat openable pathway, a tool may make a channel 
in the wax contained in the pathway. When this occurs the resiliently deformable material 
of the pathway returns to a previous state. Pathways opened in this way may be resealed by 
heating and subsequent cooling of the wax. 

Preferably the volumes of deformable material may be accessed independently and 
sequentially to precisely control the path of fluid flow in the apparatus. 

Valves and clamps may be single use stmctures, or may be reusable. 

The invention may be incorporated into a chemical assay device. The assay device 
preferably has at least one chamber in fluid connection with at least one pathway, the 
pathway being adapted to allow fluid to flow to or from said chamber, characterised in that 
there is provided a volume of deformable material in the pathway whereby, in use, a 
change of state of the deformable material causes a change of the rate of fluid flow along 
the pathway. 

The deformable material may be situated in the pathway such that the pathway is 
substantially obstructed or, alternatively, the material may be situated in the pathway such 
that the pathway is only partially obstructed. 

At least one recess may be located substantially adjacent the pathway, the recess being 
capable of receiving the deformable material. 

According to another embodiment of the invention, the assay device preferably has at least 
one chamber in fluid connection with at least one pathway, the pathway being adapted to 
allow fluid to flow to or from said chamber, characterised in that there is provided a 
volume of deformable material situated in a recess, the recess being located substantially 
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adjacent the pathway whereby, in use, a change of the deformable material causes a change 
of the rate of fluid flow along the pathway. 

An opening may be provided in the recess which acts as a vent. 

5 

The chamber may comprise a deformable envelope and at least two points on the envelope 
niay be connected by way of a volume of deformable material. 

A region of the device may have at least one hydrophobic portion so that the flow of the 
10 deformable material is guided along a predetermined path. 

Preferably the deformable material is thermally deformable. The material may, however, 
be mechanically deformable. 

15 The device may include heating means for melting the thermally deformable material. The 
device may also include means for removing heat such as, for example, a heat sink. Heat 
may selectively be applied and/or removed from individual wax gates and/or clamps. 

Preferably at least one surface defined by or in the device is resiliently deformable so that 
20 the wax gates and/or clamps may be mechanically deformed. 

The device may have at least one component from the set of: an inlet port, a reaction 
chamber, a waste depot, a filter chamber, an infinity capture and processing chamber, a 
wash solution/reagent reservoir, an array of metered readout cells, and a breather tube. 

25 

The assay device is usually rectangular, but other shapes are equally viable, such as discs 
or hexagons. Depths of fluid pathways and chambers may be sufficiently narrow to allow 
filling by capillary action (say 0.02 to 0.2 mm). Pathways may be wider (of the order of a 
millimeter) where the fluid flow is to be propelled by gravity, a pressure impulse, 
30 centrifugal force, or an inertial force. The aforementioned dimensions are consistent with 
processing fluid samples in the range of approximately 30 to 50 microlitres, and are given 
by way of example only. 
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According to a further embodiment of the invention there is provided a method of 
manufacturing an assay device, the method including the steps of: a) defining at least one 
fluid pathway on a substrate; b) defining at least one reaction chamber on a substrate; c) 
forming at least one component composed of a deformable material in the device; and d) 
bonding together at least two substrates to form the device. 

The body of the assay device is preferably formed from a polymer or from a combination 
of materials including glass, ceramics, or metal. Construction may involve injection 
moulded components, and/or the joining together of a number of laminae. Pathways and 
chambers in the assay device may be formed in a plane defined between upper and lower 
planar sheets. Pathways and chambers may be formed by printing, etching, ablation, 
cutting of the substrate, moulding of a substrate, or a combination of these. More complex 
structures may be realised by building up laminae and providing vias for the flow of fluids 
between adjacent levels. 

Bonding of upper and lower portions of the device is critical for its operation. Bonding can 
be achieved by means of screen printed adhesives containing for example spacer balls, by 
cut adhesive gasket materials, by heating sealing, by uv curing, by mechanical fixing, by 
ultrasonic bonding, or by using a porous-gasket technique, for example as described in US- 
A-4,865,716. 

The assay device may include one or more of the aforementioned gates, valves or clamps. 
Preferably each individual gate, valve and/or clamp may be accessed independently one 
from another. 

Wax gates and clamps may also be printed using molten wax or wax dissolved in a 
solvent, by injection of molten wax into the device using feeder tubes, by etching of the 
device, or by placing individual wax elements within the apparatus using pick and place 
equipment. 



Provision may be made for fluid overflow lines, for collection of waste, and for opening 
and sealing of the device at stages from start of use until disposal. 
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Rrief Description of Figures 

Embodiments of the invention will now be described by way of examples, and with 
reference to the accompanying Figures in which:- 

5 Figure 1 is a schematic plan view of a chemical assay device incorporating the invention; 

Figure 2a is a plan view of a pathway having an initially open wax gate, where wax is 
situated in recesses adjacent the pathway; 

Figure 2b shows a plan view of the pathway of Figure 2a, where the wax gate has been 
10 closed upon the application of heat to the gate; 

Figure 3a shows a plan view of a pathway having an initially open wax gate, where a 
volume of wax is situated in the pathway; 

Figure 3b shows a plan view of the pathway of Figure 3a, where the wax gate has been 
15 closed upon the application of heat to the gate; 

Figure 4a shows a plan view a pathway having an initially open wax gate, where a volume 
of wax is situated in the pathway; 

Figure 4b shows a cross-section of the pathway of Figure 4a; 
20 Figure 4c shows a cross-section of the pathway of Figure 4a, the pathway having been 
closed on application of heat and pressure; 

Figure 5a shows a plan view of a pathway having an initially closed wax gate, where wax 
is situated in the pathway, and recesses adjacent the pathway; 
25 Figure 5b shows a plan view of the pathway of Figure 5a, where the wax gate has been 
opened upon the application of heat to the gate, wax having flowed into the recesses 
adjacent the pathway; 

Figure 6a shows a plan view of a pathway having an initially closed wax gate, where a 
30 volume of wax is situated in the pathway; 

Figure 6b shows a plan view of the pathway of Figure 6a, where the wax gate has been 
opened upon the application of heat to the gate; 
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Figure 7a shows a cross-section of a pathway having a wax gate which has been closed, 
and a heating tool; 

Figure 7b shows a cross-section of the pathway of Figure 7a, where the pathway has been 
reopened to the flow of fluid upon application of heat and pressure; 
Figure 7c shows a plan view of Figure 7b; 

Figure 8a shows a plan view of a wax clamp used in a chamber, in which the clamp may 
be initially closed or open; 

Figure 8b shows a cross-section of an deflated chamber having a wax clamp; 
Figure 8c shows a cross-section of an inflated chamber having a wax clamp; 

Figure 9a shows a plan view of a chamber containing a gas generating mixture in fluid 
connection with a pathway having an initially closed wax gate; 

Figure 9b shows a plan view of the chamber of Figure 9a having an opened wax gate 
where fluid has flowed into the chamber (under capillary action or external pressure), and 
is in contact with the gas producing material contained within the chamber; 
Figure 9c shows a plan view of the chamber of Figure 9a where fluid has been driven out 
of the chamber by a gas; and 

Figure 9d shows a cross-section of the chamber and connecting pathway of Figure 9a. 
Detailed Description of Preferred Embodiments 

The embodiments of the invention shown in Figures 2 to 9 may be incorporated into the 
chemical assay device of Figure 1, or they may be included in other types of assay (or 
other) devices. 

Referring to Figure 1, there is shown a chemical assay device 10 for analysis of blood, or 
other biological fluid. End products of a reaction or assay may be detected using optical 
methods. For example, a colour change may be detected by a photo-diode, or a fibre-optic 
system, or visually. The device has an area typically about 50 cm^ and is 3 to 10 
millimetres thick. The device 10 may be significantly larger or smaller depending on the 
complexity of the processes to be carried out and the volumes of fluids to be processed. In 
this particular embodiment, the assay device 10 is configured to carry out an 
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immunological assay and this will be described so as to illustrate a method of operation of 
the invention. 

Assay device 10 comprises a generally square, substantially planar substrate in v^hich a 
5 number of chambers are interconnected by pathways. Fluid control in the device 10 is by 
way of wax gates and clamps, which are shown in Figure 1 in their initial (open or closed) 
states. 

The device 10 includes an inlet port 12 in fluid connection with a reaction (e.g., lysing) 
10 chamber 14 via a pathway 12a. Chamber 14 leads to waste depot 16 and filter chamber 18 
via separate fluid channels 14a and 14b respectively. Filter chamber 18 is in fluid 
connection with chambers 22 and 24 via respective fluid channels 18a and 18b, and with 
processing chamber 20. Chamber 22 is initially filled with a wash solution, and chamber 
24 is filled with an eluent which is used to displace material from processing chamber 20. 

15 

Processing chamber 20 is connected to waste depot 16 via a channel 20a. Channel 20a 
leads to an array of metered read-out cells 26, 28, 30 and 32. Air from read-out cells 26 to 
32 exits into channel 16a. A channel 16b is provided and links channels 20a and 16a. The 
operation of one of the metered readout cells will now be explained with reference to 
20 readout cell 26 of Figure 1. 

A region of the analysis area of device 10 comprises a large-bore inlet port 26a leading to a 
fixed-volume cell 26, which in turn is connected to a narrow-bore outlet tube 26b, Tube 
26b leads to pathway 16a, and ultimately to waste depot 16. The structure comprising parts 

25 26a, 26 and 26b has a fluid impedance which is dependent on the amount of fluid therein. 
Fluid can flow freely into the cell until the narrow-bore section is reached, at which stage 
the force needed to continue driving the fluid into the cell is greatly increased. At this 
point the fluid, which flows most readily along the path of least resistance, diverts to the 
conduit leading to the next cell (28 in this case), and so on. Thus each of the cells 26, 28, 

30 30, 32 is filled in turn, and the volume of fluid entering each cell can be controlled. 
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Chamber 20 is also connected to chamber 38 via a fluid pathway 20b, and chamber 38 
leads to chamber 40. Chambers 38 and 40 both contain wax clamps. Both chambers 38 and 
40 are initially deflated. 

Waste depot 16 connects to breather tube 13 via pathway 16c, and reservoir 22 leads to 
breather tube 11 via pathway 22a. Breather tubes 11 and 13 ensure that fluid moves freely 
within the device. Also tubes 11 and 13, when connected to non-critical regions, ensure 
that any excess fluid does not interfere with any on-going analysis. 

Reservoir 24 is connected to chamber 42 via pathway 24a. Chamber 42 is pre-fiUed with a 
dry mixture which, when in contact with a liquid, produces a gas. This is shown 
diagrammatically in Figure 9. 

Wax gates are situated in fluid pathways in order to control flow of fluid between the 
chambers. In Figure 1, gates are shown in their initial states. For example, fluid flow is 
initially obstructed at gate 34, whereas initially fluid is allowed to flow freely through gate 
36. 

Referring again to Figure 1, a typical sequence of events for an immunological assay is 
now described. A blood sample (not shown) is injected into the assay device via inlet port 
12. Blood fills reaction chamber 14 by capillary action and/or hydrostatic pressure, and 
excess blood enters the waste depot 16 via pathway 14a. The blood remains in chamber 14 
for as long as is required for cell lysing to occur with a reagent. The reagent is introduced 
into this chamber in a predetermined dose during the manufacture of the device. Heat is 
then applied to gates 44, 46 and clamp 48 in order to close gate 44, open gate 46, and 
release clamp 48 thereby actuating partial vacuum chamber 38. 

The lysed blood is then urged through filter chamber 18 by way of a partial vacuum, and 
serum fills processing chamber 20. An antigen in the blood serum then bonds to an 
antibody which has been tagged onto, for example, glass or ceramic beads (not shown). 
The beads are pre-dosed and introduced in chamber 20 at the manufacturing stage. 
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The serum is then washed from the glass beads in chamber 20 by activating heaters at 
gates 50, 52 and 54, and clamp 56. A partial vacuum in chamber 40 draws wash fluid from 
chamber 22 through chamber 20 leaving the antigen bound to the particles in chamber 20. 
Waste wash solution and serum enter chambers 38 and 40. 

The next step is elution. Activating heaters placed at gates 57, 58, 60, 36, 34 and 62 allow 
the fluid in the reagent reservoir 24 to wet a gas producing powder. Fluid is then driven by 
the gas through chamber 20 towards analysis cells 26, 28, 30 and 32. As eluent from 
reservoir 24 passes through chamber 20, antigen is released from the beads and carried in 
the eluent to the analysis cells. These cells contain reagents such as enzyme systems which 
react with the antigen, causing either a colour change in the solution, or a change in 
fluorescence. Any recognised method of optical analysis can then be used for detection and 
measurement of end products of the reactions. Once cells 26, 28, 30 and 32 are filled, 
resistance to fluid flow increases in the narrow exit channels 26b, 28b, 30b, and 32b. 
Excess fluid is then expelled to waste depot 16 through channel 16b. 

Finally, activating heaters at gates 66, 68 and 70 seal the fluids within the device for 
hygienic disposal. 

Further embodiments of the invention are described now with reference to Figures 2 to 9 
inclusive. 

Figure 2 shows a plan view of a section of a pathway having a wax gate 73 that closes the 
pathway to the flow of fluid on application of heat. A volume of wax is contained in recess 
72. Pathway 75 has a region of hydrophobicity 76 in order to guide the flow of wax. Upon 
application of heat to gate 73, the wax melts and flows (guided by the hydrophobic region) 
into the fluid pathway to obstruct the flow of fluid therein. Air enters through inlet 74 and 
replaces the wax in recess 72. Thus air prevents flowback of the molten wax. As the wax 
cools, fluid flow along the pathway becomes obstructed. 

In Figure 3 a plan view of a section of pathway having a wax gate 77 is shown. Gate 77 
closes pathway 75 to the flow of fluid on application of heat to the gate. A volume of wax 
78 is situated in the path of the fluid, only partially obstructing the fluid flow. Upon 
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application of heat to the gate, the wax melts and flows to block the pathway guided by the 
area of hydrophobicity 76. As the wax cools fluid flow along the pathway becomes 
obstructed. 

Figure 4 shows another form of heat closable pathway. A volume of wax 78 is situated in 
pathway 75, only partially obstructing the flow of fluid. In order to block the channel, a 
moveable heat sealing tool 80 is used to apply both pressure and heat, completely sealing 
the channel. This form of gate requires that at least one sheet forming the pathway is 
formed from deformable material. If the deformable material can be directly sealed to the 
second sheet (by heat, pressure or otherwise), then wax is not required. 

Figures 5, 6 and 7 all represent forms of heat openable pathways, that is, wax gates that are 
initially closed to fluid flow in the pathway. 

Figure 5 shows a plan view of a section of a pathway 75 having a gate 79 that opens the 
pathway to the flow of fluid on application of heat to the gate. A volume of wax is situated 
in the pathway between two recesses 72. The recess has a region of hydrophobicity 76 in 
order to guide the flow of wax. Upon application of heat to the gate, the wax melts and 
flows into the recess. Air exhausts via inlet 74 and is replaced by the wax in the recess, 
preventing flowback of the molten wax. As the wax cools the fluid pathway opens. 

Referring to Figure 6, there is shown a plan view of a section of pathway 75 having 
another form of wax gate 81. The gate opens the pathway to the flow of fluid on 
application of heat to the gate. A volume of wax 78 is situated in the path of the fluid 
preventing fluid flow. Upon application of heat to this wax gate, the wax melts and flows 
in the pathway guided by the area of hydrophobicity 76. As the wax cools, the fluid 
pathway permits fluid to flow along the pathway. 

Figure 7 shows another heat openable gate situated in pathway 75. A volume of wax 78 is 
situated in the pathway, obstructing the flow of fluid. In order to open the pathway to allow 
the flow of fluid, a moveable heat sealing tool 80 is used to apply both pressure and heat to 
the pathway. The shape of this heat scalable tool allows the wax to be deformed, forming a 
channel in the wax. This type of gate requires that at least one sheet forming the pathway is 
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deformable and resilient, so that the sheet may return to its original state and leave the 
pathway open. 

In addition to the aforementioned wax valves, components to actuate fluid flow may be 
required. Capillary action may be used to provide some fluid movement, and this can be 
extended by opening further fillable or absorbent areas or by opening valves of the types 
previously described. However, greater flexibility is achieved by employing structures 
capable of generating pressure differentials, and these are shown in Figures 8 and 9. 

Figure 8 shows a chamber 38 containing a wax clamp 78. Changing the shape and volume 
of chamber 38 provides a pressure differential to drive (or suck) fluid in the connected 
pathways and chambers. Two sheets of synthetic plastics material 37a and 37b are fixed 
together using a volume of wax 78 in order to produce a deflated chamber 38. Upon 
application of heat, wax clamp 78 melts. This allows the surfaces of chamber 38 to 
separate thereby inflating the chamber. This results in a pressure change and fluid is 
sucked through interconnecting pathways. Chamber 38 may be returned to its deflated 
state by the application of an external pressure (shown in the direction of airow A) and by 
heating the wax. As the wax cools, the deformable surfaces are fixed together. 

Figure 9 shows a further means of generating pressure in order to drive the flow of fluid. 
Figure 9 shows a chamber 88 connected to a pathway having a closed wax gate 86. The 
chamber contains a dry gas generating mixture 82, for example sodium bicarbonate with 
tartaric acid. On applying heat to the wax gate 86, the wax flows to unblock the pathway 
85. A solution 84 flows into the chamber 88, wetting the gas generating mixture and 
causing the generation of a gas. The gas increases the pressure inside the chamber, ejecting 
the liquid that has flowed into the chamber and propelling it along one or more 
interconnecting pathways. In addition to the gas generating mixture, an inert absorbent 
material may be included in the chamber, or the chamber may be filled with capillary 
matting which acts as a wick. 

The invention has been described by way of a number of embodiments, and it will be 
appreciated that variation may be made to these embodiments without departing from the 
scope of the invention. 
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Claims 

5 1. A method of varying the rate of fluid flow along a pathway (75) comprising the steps 
of: providing at least one recess (72) located substantially adjacent the pathway (75); 
locating a plug of deformable material (78) in the pathway so that the material 
substantially restricts the flow of fluid in the pathway; and changing the state of the 
deformable material so that at least a portion of the material passes into the at least one 

10 recess thereby permitting flow of the fluid along the pathway. 

2. A method of varying the rate of fluid flow along a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); 
locating a volume of deformable material (78) in the at least one recess; and changing 

15 the state of the deformable material so that at least a portion of the material passes into 
the pathway thereby substantially restricting flow of the fluid along the pathway. 

3. A method of varying the rate of fluid flow along a pathway (75) comprising the steps 
of: providing a pathway (75); locating a volume of deformable material (78) in the 

20 pathway so that it substantially restricts the flow of fluid along the pathway (75); and 
changing the state of the deformable material so that at least a portion of the material 
(78) passes along a predetermined path thereby permitting flow of the fluid along the 
pathway. 

25 4. A method of varying the rate of fluid flow along a pathway (75) comprising the steps 
of: providing a pathway (75); locating a volume of deformable material (78) in the 
pathway so that it substantially permits the flow of fluid along the pathway; and 
changing the state of the deformable material so that at least a portion of the material 
(78) passes along a predetermined path thereby substantially restricting flow of the fluid 

30 along the pathway. 

5. A method according to claim 3 or claim 4 wherein the predetermined path is defined by 
one or more hydrophobic regions (76). 
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6. A method according to claims 1 to 5 whereby the state of the deformable material (78) 
is changed by applying to said material (i) heat, (ii) pressure, (iii) uv radiation, (iv) 
light, (v) ultrasonic energy or a combination of any of (i) to (v). 

5 

7. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus 
including at least one pathway (75) and a volume of deformable material (78) disposed 
within the pathway whereby, in use, a change of state of the deformable material causes 
a change of the rate of fluid flow along the pathway. 

10 

8. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus 
including at least one pathway (75) and a volume of deformable material (78) disposed 
adjacent the pathway whereby, in use, a change of state of the deformable material 
causes a change of the rate of fluid flow along the pathway. 

15 

9. Apparatus according to claim 7 or 8 further including at least one chamber in fluid 
connection with the pathway, 

10. Apparatus according to claim 9 wherein a volume of deformable material is disposed 
20 within the chamber. 

11. Apparatus according to any of claims 7 to 10 wherein at least one recess (72) capable 
of receiving deformable material is located substantially adjacent the pathway (75). 

25 12. Apparatus according to claim 11 wherein the at least one recess (72) has an opening 
(74) which acts as a vent in order to permit the flow of gas therethrough. 

13. Apparatus according to any of claims 7 to 12 including at least one hydrophobic region 
(76) in order to guide fluid along a predetermined path. 

30 

14. Apparatus according to any of claims 7 to 13 including means for the supply and/or 
removal of heat from the apparatus in order to increase or decrease the rate of change of 
state of the deformable material. 
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15. Apparatus according to any of claims 7 to 14 including means for the supply of (i) 
pressure, (ii) uv radiation, (iii) light, (iv) ultrasonic energy or a combination of any of 
(i) to (iv) to the apparatus in order to change the state of the deformable material. 

5 

16. Apparatus according to any of claims 7 to 15 wherein the deformable material (78) 
includes a polymer. 

17. Apparatus according to any of claims 7 to 15 wherein the deformable material (78) 
10 includes polypropylene polystyrene. 

18. An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the pathway being adapted to allow fluid to flow to/from said 
chamber (14), characterised in that there is provided a volume of deformable material 

15 (46) in the pathway (14b), whereby, in use, a change of state of the deformable material 

causes a change of the rate of fluid flow along the pathway. 

19. An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b) the pathway being adapted to allow fluid to flow to/from said 

20 chamber (14), characterised in that there is provided a volume of defomiable material 
(44) situated in a recess, the recess being located substantially adjacent the pathway 
(14a), whereby, in use, a change of state of the deformable material causes a change of 
the rate of fluid flow along the pathway. 

25 20. A device (10) according to claim 18 wherein there is at least one recess located 
substantially adjacent the pathway (14b). 

21. A device (10) according to any of claims 18 to 20 wherein an opening is provided, the 
opening acting as a vent to or from the recess. 

30 

22. A device (10) according to claim 18 wherein the defonmable material (46) is situated in 
the pathway (14b) such that the pathway is partially obstructed. 
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23. A device (10) according to any of claims 18 to 22 wherein the chamber (38,40) 

comprises a deformable envelope and at least two points of the envelope are connected 
by way of a volume of deformable material (48,56). 

5 24. A device (10) according to any of claims 18 to 23 wherein a region of the device has at 
least one hydrophobic portion so that the flow of the deformable material is guided 
along a predetermined path, 

25. A device (10) according to any of claims 18 to 24 wherein the deformable material is 
10 thermally deformable. 

26. A device (10) according to any of claims 18 to 24 wherein the deformable material is 
mechanically deformable. 

15 27. A device (10) according to any of claims 18 to 26 further including heating means 
(80). 

28. A device (10) according to any of claims 18 to 27 further including a means for 
removing heat. 

20 

29. A device (10) according to any of claims 18 to 28 wherein the at least one surface 
defined by or in the device is resiliently deformable. 

30. A device (10) according to any of claims 18 to 29 wherein a plurality of volumes of 
25 deformable material are provided, each volume being accessible independently one 

from another. 

31. A device (10) according to any of claims 18 to 30 having at least one component from 
the set of: an inlet port (12), a reaction chamber (14), a waste depot (16), a filter 

30 chamber (18), an infinity capture and processing chamber (20), a wash solution/reagent 
reservoir (22), an array of metered readout cells (26,28,30,32), and a breather tube (11, 
13). 
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32. A device (10) according to any of claims 18 to 31, in which heat is selectively applied 
to one or more of the volumes of the deformable material. 

33. A device (10) according to any of claims 18 to 32, in which heat is selectively removed 
5 from one or more volumes of the deformable material. 

34. A device (10) according to any of claims 18 to 33, in which pressure is selectively 
applied to at least one region contained within the device. 

10 35. A method of manufacturing an assay device (10), including the steps of: a) defining at 
least one fluid pathway (14a) on a substrate; b) defining at least one reaction chamber 
(14) on a substrate; c) forming at least one component composed of a deformable 
material (44) in the device; and d) bonding together at least two substrates to form the 
device (10). 

15 

36. A method of manufacturing the device (10) according to claim 35, wherein the at least 
one fluid pathway (14a) may be formed by: a) printing, b) etching, c) ablation, d) use of 
a mould, e) cutting, or a combination of any of steps a) to e). 

20 37. A method of manufacturing the device (10) according to claim 35, wherein the at least 
one reaction chamber (14) is formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

38. A method of manufacturing the device (10) according to claim 35, wherein the at least 
25 one component (44) composed of a deformable material is formed by: a) printing of the 
deformable material onto the substrate, b) etching, c) pick-and-placing of components, 
d) injection of molten material into device using feeder tubes, or a combination of steps 
a) to d). 

30 39. A method of manufacturing the device (10) according to claim 35, wherein the at least 
one substrate is bonded by: a) adhesives, b) curing, c) mechanical fixing, d) heating, e) 
anodic bonding, or a combination of steps a) to e). 



wo 99/44740 PCT/GB99/00623 

21 

40. Apparatus substantially as described herein with reference to Figures 2 to 9. 



41. A device (10) substantially as described with reference to Figure 1. 

5 42. A method of performing chemical analysis substantially as described with reference to 
the Figures. 

43. A method of varying the rate of fluid flow along a pathway substantially as described 
herein with reference to the Figures. 

10 
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AMENDED CLAIMS 

[received by the International Bureau on 27 July 1999 (27.07.99); 
original claims 1-43 replaced by new claims 1-52 (7 pages)] 

L An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the pathway being adapted to allow fluid to flow to/from said 
chamber (14), characterised in that there is provided a volume of deformable material (46) 
in the pathway (14b), which, in use, changes its state so as to cause a change of the rate of 
fluid flow along the pathway. 

2. An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b) the pathway being adapted to allow fluid to flow to/from said 
chamber (14), characterised in that there is at least one recess located substantially 
adjacent the pathway and, situated in the recess, there is provided a volume of deformable 
material (44) which, in use, changes its state so as to cause a change of the rate of fluid 
flow along the pathway. 

3. An assay device (10) according to claim 1 wherein there is at least one recess located 
substantially adjacent the pathway (14b). 

4. An assay device (10) according to any of claims 1 to 3 wherein an opening is provided, 
the opening acting as a vent to or from the recess. 

5. An assay device (10) according to claim 1 wherein the deformable material (46) is 
situated in the pathway (14b) such that the pathway is partially obstructed. 

6. An assay device (10) according to any of claims 1 to 5 wherein the chamber (38,40) 
comprises a deformable envelope and at least two points of the envelope are connected by 
way of a volume of deformable material (48,56). 

7. An assay device (10) according to any of claims 1 to 6 wherein a region of the device has 
at least one hydrophobic portion so that the flow of the deformable material is guided 
along a predetermined path. 

8. An assay device (10) according to any of claims 1 to 7 wherein the deformable material is 
thermally deformable. 



9. An assay device (10) according to any of claims 1 to 7 wherein the deformable material is 

mechanically deformable. . . ^, ^ 
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10. An assay device (10) according to any of claims 1 to 9 further including heating means 
(80). 

11. An assay device (10) according to any of claims 1 to 10 further including a means for 
removing heat. 

12. An assay device (10) according to any of claims 1 to 11 wherein the at least one surface 
defined by or in the device is resiliently deformable. 

13. An assay device (10) according to any of claims 1 to 12 wherein a plurality of volumes of 
deformable material are provided, each volume being accessible independently one from 
another. 

14. An assay device (10) according to any of claims 1 to 13 having at least one component 
from the set of: an inlet port (12), a reaction chamber (14), a waste depot (16), a filter 
chamber (18), an infinity capture and processing chamber (20), a wash solution/reagent 
reservoir (22), an array of metered readout cells (26,28,30,32), and a breather tube (11, 
13). 

15. An assay device (10) according to any of claims 1 to 14, in which heat is selectively 
applied to one or more of the volumes of the deformable material. 

16. An assay device (10) according to any of claims 1 to 15, in which heat is selectively 
removed from one or more volumes of the deformable material. 

17. An assay device (10) according to any of claims 1 to 16, in which pressure is selectively 
applied to at least one region contained within the device. 

18. An assay device (10) having: a) at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the at least one pathway being adapted to allow fluid to flow 
to/from said at least one chamber (14); b) a volume of deformable material (46) situated in 
the pathway (14b) which, in use, changes its state so as to cause a change of the rate of 
fluid flow along the pathway; and c) at least one hydrophobic portion which defines a path 
along which the deformable material is guided. 
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19. An assay device (10) having: a) at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b), the at least one pathway being adapted to allow fluid to flow 
to/from said at least one chamber (14); b) at least one recess located substantially adjacent 
the pathway; c) a volume of deformable material (44) situated in the recess which, in use, 
changes its state so as to cause a change of the rate of fluid flow along the pathway; and d) 
at least one hydrophobic portion which defines a path along which the deformable material 
is guided. 

20. A method of manufacturing the assay device (10) of any of claims 1 to 19, including the 
steps of: a) defining at least one fluid pathway (14a) on a substrate; b) defining at least one 
reaction chamber (14) on a substrate; c) forming at least one component composed of a 
deformable material (44) in the device; and d) bonding together at least two substrates to 
form the device (10), 

21. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one fluid pathway (14a) may be formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

22. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one reaction chamber (14) is formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

23. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one component (44) composed of a deformable material is formed by: a) printing of the 
deformable material onto the substrate, b) etching, c) pick-and-placing of components, d) 
injection of molten material into device using feeder tubes, or a combination of steps a) to 
d). 

24. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one substrate is bonded by: a) adhesives, b) curing, c) mechanical fixing, d) heating, e) 
anodic bonding, or a combination of steps a) to e). 

25. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including 
at least one pathway (75) and a volume of deformable material (78) disposed within the 
pathway whereby, in use, a change of state of the deformable material causes a change of 
the rate of fluid flow along the pathway. 
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26. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including 
at least one pathway (75) and a volume of deformable material (78) disposed adjacent the 
pathway whereby, in use, a change of state of the deformable material causes a change of 
the rate of fluid flow along the pathway. 

27. Apparatus according to claim 25 or 26 further including at least one chamber in fluid 
connection with the pathway. 

28. Apparatus according to claim 27 wherein a volume of deformable material is disposed 
within the chamber. 

29. Apparatus according to any of claims 25 to 28 wherein at least one recess (72) capable of 
receiving deformable material is located substantially adjacent the pathway (75). 

30. Apparatus according to claim 29 wherein the at least one recess (72) has an opening (74) 
which acts as a vent in order to permit the flow of gas therethrough. 

31. Apparatus according to any of claims 25 to 30 including at least one hydrophobic region 
(76) in order to guide fluid along a predetermined path. 

32. Apparatus according to any of claims 25 to 31 including means for the supply and/or 
removal of heat from the apparatus in order to increase or decrease the rate of change of 
state of the deformable material. 

33. Apparatus according to any of claims 25 to 32 including means for the supply of (i) 
pressure, (ii) uv radiation, (iii) light, (iv) ultrasonic energy or a combination of any of (i) to 
(iv) to the apparatus in order to change the state of the deformable material. 

34. Apparatus according to any of claims 25 to 33 wherein the deformable material (78) 
includes a polymer. 

35. Apparatus according to any of claims 25 to 33 wherein the deformable material (78) 
includes polypropylene polystyrene. 

36. Apparatus according to any of claims 25 to 30 including at least one hydrophobic portion 
(76) which defines a path along which deformable material is guided. 
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37. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including: 
a) at least one pathway (75); b) a volume of deformable material (78) disposed within the 
pathway, which, in use, changes its state so as to cause a change of the rate of fluid flow 
along the pathway; and c) at least one hydrophobic region (76) which defines a path along 
which deformable material is guided. 



38. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including: 
a) at least one pathway (75); b) a volume of deformable material (78) disposed adjacent 
the pathway, which, in use, change its state so as to cause a change of the rate of fluid flow 
along a pathway; and c) at least one hydrophobic region (76) which defines a path along 
which deformable material is guided. 

39. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a plug of deformable material (78) in the pathway so that the material substantially 
restricts the flow of fluid in the pathway; and changing the state of the deformable material 
so that at least a portion of the material passes into the at least one recess thereby 
permitting flow of the fluid along the pathway. 

40. A method of varying the rate of fluid flow along a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a volume of deformable material (78) in the at least one recess; and changing the state of 
the deformable material so that at least a portion of the material passes into the pathway 
thereby substantially restricting flow of the fluid along the pathway. 

41. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially restricts the flow of fluid along the pathway (75); and changing the 
state of the deformable material so that at least a portion of the material (78) passes along a 
predetermined path thereby permitting flow of the fluid along the pathway. 

42. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially permits the flow of fluid along the pathway; and changing the state of 
the deformable material so that at least a portion of the material (78) passes along a 
predetermined path thereby substantially restricting flow of the fluid along the pathway. 
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43. A method according to claim 41 or claim 42 wherein the predetermined path is defined by 
one or more hydrophobic regions (76). 

44. A method according to claims 39 to 42 whereby the state of the deformable material (78) 
is changed by applying to said material (i) heat, (ii) pressure, (iii) uv radiation, (iv) light, 
(v) ultrasonic energy or a combination of any of (i) to (v). 

45. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a plug of deformable material (78) in the pathway so that the material substantially 
restricts fluid flow in the pathway; and changing the state of the deformable material so 
that at least a portion of the material passes along a predetermined path into the at least one 
recess thereby permitting flow of the fluid along the pathway, wherein the predetermined 
path is defined by one more hydrophobic regions. 

46. A method of varying the rate of fluid flow along a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a volume of deformable material (78) in the at least one recess; and changing the state of 
the deformable material so that at least a portion of the material passes along a 
predetermined path into the pathway thereby substantially restricting flow of the fluid 
along the pathway, wherein the predetermined path is defined by one or more hydrophobic 
regions. 

47. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially restricts fluid flow along the pathway (75); and changing the state of 
the deformable material so that at least a portion of the material (78) passes along a 
predetermined path thereby permitting flow of the fluid along the pathway, wherein the 
predetermined path is defined by one or more hydrophobic regions. 

48. A method of varying the rate of fluid flow along a first pathway (75) comprising the steps 
of: providing a first pathway (75); locating a volume of deformable material (78) in the 
first pathway; flowing a fluid along the first pathway past the material; and changing the 
state of the material so that at least a portion of the material (78) passes along a second 
pathway so as to restrict fluid flow along the first pathway, said second pathway being 
defined by one or more hydrophobic regions. 
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49. An assay device (10) substantially as described with reference to Figure 1. 

50. Apparatus substantially as described herein with reference to Figures 2 to 9. 

51. A method of varying the rate of fluid flow along a pathway substantially as described 
herein with reference to the Figures. 

52. A method of performing chemical analysis substantially as described with reference to the 
Figures. 
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□ the claims, Nos.: 

□ the drawings, sheets: 

3. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 



□ the entire international application. 
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unclear that no meaningful opinion could be formed {specif)/): 

see separate sheet 
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Novelty (N) 
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No: 



Claims 2-4,6,7,9,11-13,16-24,28,30,31,35-38,43,45-48 
Claims 1,5,8,10,14,15,25-27,29,32-34,39-42,44 



Inventive step (IS) 



Yes: 
No: 



Claims 7,18,19,31,36-38,43,45-48 
Claims 1 -6,8-1 7,20-30,32-35,39-42,44 



Industrial applicability (lA) Yes: 

No; 



Claims 1-48 
Claims 
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2. Non-written disclosures (Rule 70.9) 
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VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
clainns are fully supported by the description, are made: 

see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 

industrial applicability 

1 . Claims 49-52 are 'omnibus claims', which are not admissible under Rule 6.2(a) 
PCT (see also the PCI Guidelines, III-4.10). Reference to the drawings in the 
claims is permitted only where absolutely necessary; such is not the case here. 
The claims should be cancelled. 

No opinion, therefore, is established with regards to the subject-matter of claims 
49-52. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . Relevance of the prior art 

1.1 Document D1 (US-A-5267585) discloses (cf. claim 1, summary of the Invention 
and Figures 1,2) a method and apparatus for controlling the flow in a flow path by 
means of a deformable elastomeric element, which is contained at least partially 
within the path and partially in a recess (cf. Figure 1 ). By application of a force 
through a control means, the flow can be prevented and, upon release of the 
force, the flow can be increased (cf. coL 1 , I. 64 to col. 2, I. 19). 

1 .2 Document D2 (US-A-4949742) discloses (cf . claims 1 , 10 and Figure 1 ) a 
temperature operated gas'valve (and a method for operating it), operable between 
two volumes (chambers), comprising a conduit between the two volumes and a 
meltable solid material within a restriction, which, upon heating, allows gas to pass 
from the first to the second volume and, when the pressure differential between 
the two volumes becomes small, returns to its initial position by surface tension, 
where it re-solidify after heating has been discontinued. 

1 .3 Document D3 (US-A-5278079) discloses (cf. claims 1 , 1 2,22 and Figures 2,3) a 
device for sealing a chamber by means of aqueous expandable polymer in a 
reduced chamber portion which forms a seal in said reduced chamber portion 
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upon contact of the polymer with an aqueous medium, and a method for inhibiting 
the flow by means of such a device. 

1.4 Document D4 (US-A-4549952) discloses (cf. claims 1,2 and Figures 1-4) a liquid 
transport device for transporting two different aqueous liquids within a capillary 
passage comprising control means on a surface for increasing the viscosity of the 
liquid flowing past that surface, wherein said control means comprises a water- 
swellable composition disposed on that surface, whereby the increase in viscosity 
causes a change in the flow of the liquid. Chambers are provided at the sides of 
the passage. 

2. Conclusions 

3.1 Before assessing novelty and inventive steps of the subject-matter of the claims 
over the available art, it is pointed out that many of the claims of the present 
application are drawn up in such general terms to include embodiments very 
different from what is detailed in the description and which can be found in very 
different fields including normal life activities. For example, a rubber tube for 
delivery of water from a reservoir falls under the definition of claim 1, since the 
rubber tube itself is of deformable material and upon any pressure in any point of 
the tube itself the fluid flow behaviour is changed. 

3.2 In this respect, it is also important to notice that general functional or use terms, 
such as *assay' device in claim 1 , do not add any structural peculiarities to the 
device other than those specified by the physical features of the device itself. This 
is true also for other terms such as 'reaction' chamber in claims 14,20,22, insofar 
as any chamber in use can be used as a reaction chamber, and 'substrate' in 
claims 20,23,24, which may refer to any kind of substrate. 

3.3 In what follows, novelty and inventive steps will be established over the cited prior 
art. It will be apparent that very different devices in the prior art may fall under the 
wording of many claims of the present application. 

4. 1 The subject-matter of claims 25,26,29,33,34,39,40,41 ,42,44(with regard to 
pressure) is not novel with respect to D1 (Article 33(2) PCT). 
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4.2 The subject-matter of claims 1 ,5,8,10,15,25,26,27,32,41 ,42,44(with regard to 
heat) is not novel with respect to D2 (Article 33(2) PCT). 

4.3 The subject-matter of claims 1,5,14(with regard to inlet port and reaction 
chamber),25,27,34,42 is not novel with respect to D3 (Article 33(2) PCT). 

4.4 The subject-matter of claims 1 ,5,14(with regard to inlet port and reaction 
chamber), 25,27,34,42 is not novel with respect to D4 (Article 33(2) PCT). 

5.1 The connection of a device as the one in D1 to a chamber does not involve an 
inventive step (to what else should the skilled man connect such an apparatus?). 
Therefore the subject-matter of claims 2,3,9,17 does not involve an inventive step 
(Article 33(3) PCT). 

5.2 The choice of a particular polymer as in claim 35 appears as just one of many 
alternative possibilities of material selection. The subject-matter of claim 17 is, 
therefore, not inventive (Article 33(3) PCT). 

5.3 A device including a fluid pathway on a substrate, a chamber, one component of 
deformable material and two substrates bonded together is already disclosed in 
D3 (cf. Figure 2) and D4 (cf. Figure 2). The method of manufacturing such a 
device with the common activities listed in claim 20 is, therefore, not inventive 
either (Article 33(3) PCT). 

5.4 Also the techniques mentioned in claims 21-24 for forming the different 
components are common in the field of microfabricated devices. Claims 21-24, 
therefore, also lack an inventive step (Article 33(3) PCT). 

6. There are no examples in the description of changing the state of the deformable 
material other than by applying heat or pressure. It is not apparent whether or how 
the skilled man could carry out all the embodiments of claims 33 and 44 (and all 
dependent thereon) (e.g. by non exemplified UV radiation, light, ultrasonic energy) 
without undue burden (Article 5 PCT). 

7. The additional features in claims 4,6,1 1,12,13,16,28,30 are not disclosed as such 
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in the cited prior art. However, it is not apparent from the present application 
which technical problem they are designed to solve so as to provide the required 
inventive step (Article 33(3) PCT). 

8. The inclusion of a hydrophobic region as in the apparatuses and methods of 

claims 7,31,43 (and also 18,19,36-38,45-48 see also Item VIII) so as to provide a 
path along which the deformable material is guided is not disclosed in the prior art, 
nor it appears to be obvious to the skilled man. The correspondent claims appear, 
therefore, to involve the required inventive step (Article 33(3) PCT). 

Re Item VI 
Certain documents cited 

1. Document D5 (WO-A-9822625) was filed on 19.11.1997 claiming a priority of 
20.1 1.1996 and published on 28.05.1998. Therefore, it is not part of the prior art 
(Rule 64(1 ) PCT); however, it can become part of the state of the art for the 
examination of novelty at least in the regional phase of the application (e.g. under 
Article 54(3) EPC). 

1.1 Document D5 discloses (cf. p. 9, !. 11-17; p. 32; p. 33; p. 63, chapter IV) devices 
and methods for sealing of channels with meltable material and the use of such 
sealed valves to control fluid flow. By application of heat, the meltable material at 
least partially liquefies and flows over areas of the valve seat and optionally of 
other auxiliary components (e.g. a diaphragm) so that upon subsequent cooling 
the valve is sealed. The meltable material may be disposed within a side channel 
and may be polymer. The valves are used inside microfabricated devices for 
amplifying nucleic acid target sequences (cf. field of the invention) including 
various reacting chambers and substrates (see e.g. Figure 1 ). Hydrophobic 
regions are used to direct the flow of the treated fluids along the transport 
channels (cf. e.g. p. 5, last par.; p. 9, I. 18 to p. 10, I. 25). 

1.2 The subject-matter of claims 1,2,3,8, 10,1 4. 15,25,26,27,29,32,34,40,42,44(with 
regard to heat) at least would not be novel with respect to D5 under said Article 
54(3) EPC. 
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Re Item VIII 

Certain observations on the international application 

1 . Claims 1 ,2 do not satisfy the requirements of Article 6 PCT as far as conciseness 
is concerned, since they could be made dependent on claims 25,26. 

Claims 18,19,36-38,45-48 do not satisfy the requirements of Article 6 PCT as far 
as conciseness is concerned, since they are superfluous with respect to claims 
7,31,43(restated as dependent on claims 39-42) respectively. 

2. The term 'substantially' used in claims 1,2,3,4,19 has a relative meaning (how 
much?) and cannot clearly establish the meaning of the technical feature to which 
it refers, thereby rendering the definition of the subject-matter of said claims un- 
clear (Article 6 PCT). 
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APPARATUS FOR, AND METHOD OF, VARYJNG THE 
RATE OF FLOW OF FLUID ALONG A PATHWAY 

5 Technical Field 

This invention relates Lo an apparatus for and method of varying the race of flow of a fluid 
along a pathway. More particularly, but not exclusively, the invention varies the rate of 
ffow of fluid along a pathway in a wet chemistry' analysis system. 

10 Background Ait 

A common feaiuiTc of all "wet chemistry" analysis or assay systems is that analyte, together 
with one or more reagents, usually passes through a series of processes or procedures. 
These include: mixing, reacting, incubating, filtering, decanting, metering and dividing. In 
short, some form of fluid handling is a common and important feature of most assay 
15 systems. 

International Patent Application WO-Al-9419484 (Biocircuits Corporation) describes a 
disposable device for use in diagnostic assays and comprises a number of chambers and 
interconnecting pathways. Capillary valves are used to enhance control over fluid flow in 

20 the device. One type of capillary valve comprises a fluid flow capillary channel and a 
control capillary channel which intersect each other at right angles. The intersection 
disrupts fluid flow in the flow capillary channel when the control capillary is empty, but 
does not impede flow through the flow capillary channel when it is full. Thus, fluid flow 
through the device can be controlled by either filling or emptying the control capillary wifli 

25 liquid. 

A similar disposable device is described in International Patent Application WO-Al- 
9727324 (David Samoff Research Center). This device uses valves and pumps for 
controlling the flow of fluid. The valves used may be of the plunger type such that the 
30 valve has a piston and plunger rod. The diameter of the plunger rods is typically of the 
order of 60/dm and the piston diameter is typically of the order of 200//m- 

In US Patent No, 5,267,585 (BOG Health Care), a flow control valve is disclosed, A 
deformable elastomeric elemcnl is positioned at least partially within the flow path of a 
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fluid passing between an inlet and an oudet. By deforming the elastomeric element, the 
cross-section of the flow path of the fluid is changed, thereby controlling the flow of fluid 
through the flow contnDl valve. 

5 A temperature operated gas valve is described in US Patent No. 4,949,742 (Spectra- 
Physics), The valve includes a conduit positioned between high and low pressure gas 
regions. Within the conduit is a restriction, and this restriction is closed by a meltable solid 
material. When the valve is to be opened, heat is applied to the meltable solid material, 
causing some of the material to flow and allow the passage of gas from the higher pressure 
10 region to the lower pressure region. When the pressure between the two regions has 
substantially equalized, surface tension associated with the restriction in the conduit pulls 
the liquified material back into place to close and reseal the valve. 

A capillary transport device having an internal capillary transport passage is disclosed in 
15 US Patent No. 4,549,952 (Eastman Kodak). To control the liquid flow rate in the passage, 
a water-swellable composition (such as gelatin or starch) is used. 

International Patent Application WO-Al-9822625 (University of Michigan/Becton 
Dickinson) discloses methods and compositions for isothennal amplification of nucleic 
20 acids in a micro-fabricated device. The device includes fluid channels connected to an 
isothermally regulated reaction chamber. Fluid flow in the channels may be regulated by 
the use of meltable materials placed in or alongside the channels. 

In US Patent No. 5,278,079 (Enzymatics Lie.) a diagnostic device having capillary tubes is 
25 described- The capillary tubes contain a volume of water-expandable polymer which forms 
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Claims 

1. An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (I4a. 14b), the pathway being adapted to allow fluid to flow to/from said 
chamber (14), characterised in that there is provided a volume of defomiable material (46) 
in the pathway (14b), which, in use, changes its stare so as to cause a cliange of the rate of 
fluid flow along the pathway. 

2. An assay device (10) having at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14b) the pathway being adapted to allow fluid to flow to/from said 

.J chamber (14), characterised in tliat there is at least one recess located substantially 

adjacent the pathway and, simaied in the recess, there is provided a volume of defonnable 
material (44) which, in use, changes its state so as to cause a change of the rate of fluid 
flow along the pathway. 

3. An assay device (10) according to claim 1 wherein there is at least one recess located 
substantially adjacent the pathway (14b). 

4. An assay device (10) according to any of claims 1 to 3 wherein an opening is provided, 
the opening acting as a vent to or from the recess. 

5. An assay device (10) according to claim 1 wherein the defonnable material (46) is 
situated in the pathway (14b) such that the pathway is partially obstructed. 

) . . 

6. An assay device (10) according to any of claims 1 to 5 wherein the chamber (38,40) 
comprises a deformable envelope and at least two points of the envelope are connected by 
way of a volume of deformable material (48,56). 

7. An assay device (10) according to any of claims 1 to 6 wherein a region of the device has 
at least one hydrophobic portion so that the flow of the deformable material is guided 
along a predetermined path. 

8. An assay device ( 10) according to any of claims 1 to 7 wherein the deformable material is 
thermaUy deformable. 

9. An assay device (10) according to any of claims 1 to 7 wherein the deformable material is 
mechanically deformable. 
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10. An assay device (10) according to any of claims 1 to 9 further including heating means 



11. An assay device (10) according co any of claims 1 to 10 further including a means for 
lemoving heat. 

12. An assay device (10) according to any of claims i to II wherein the at least one surface 
defined by or in the device is resiliently defonnable. 

13. An assay device (10) according to any of claims 1 to 12 wherein a plurality of volumes of 
defonnable macerial are provided, each volume being accessible independently one from 



14. An assay device (10) according to any of claims I to 13 liaving at least one component 
ficom the set of: an inlet port (12), a reacdon chamber (14), a waste depot (16), a filt^ 
chamber (18)^ an infinity capiure and processing chamber (20), a wash soludon/reagent 
reservoir (22). an array of metered readout cells (26,28,3032), and a breather tube (11, 



15, An assay device (10) according to any of clainas 1 to 14, in which heat is selectively 
applied to one or more of the volumes of The defonnable material. 

16. An assay device (10) according to any of claims 1 to 15, in which heat is selectively 



17. An assay device (10) according to any of claims 1 to 16, in which pressure is selectively 
applied lu at Least one region contained within the device. 

IS. An assay device (10) having: a) at least one chamber (14) in fluid connection with at least 
one pathway (14a, 14bX the at least one pathway being adapted to allow fluid to flow 
to/from said at least one chamber (14); b) a volume of deformable material (46) situated in 
the pathway (14b) which, in use, changes its state so as to cause a change of the rate of 
fluid flow along the pathway; and c) at least one hydrophobic portion which defuies a path 
along which the deformable material is guided. 



(80). 



another. 



13). 



removed from one or more volumes of the deformable materia]. 
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19. An assay device (lOj having: a) at least one cliamber (14) in fluid connection with at least 
one pathway {14a, I4b), the at least one pathway being adapted to allow fluid to flow 
to«rom said at least one chamber (14); b) at least one recess located substantially adjacent 
tiie pathway; c) a volume of deformable material (44) situated in the recess which, in use, 
changes its state so as to cause a change of the rate of fluid flow along the pathway; and d) 
at least one hydrophobic portion which defines a parfi along which the deformable material 
is guided. 

20. A method of oianufactuiing the assay device (10) of any of claims 1 to 19» including the 
steps of: a) defining at least one fluid pathway (14a) on a substrate; b) definuig at least one 
reaction chamber (14) on a substrate; c) forming at least one component composed of a 
deformable material (44) in the device; and d) bonding together at least two substrates to 
form the device (10). 

21. A method of manufacturing the device (10) according to clafan 20, wherein the at least 
one fluid pathway (14a) may be formed by: a) printing, b) etching, c) abladon, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

22. A method of manufacturing the device (10) according to claim 20. wherein the at least 
one reaction chamber (14) is formed by: a) printing, b) etching, c) ablation, d) use of a 
mould, e) cutting, or a combination of any of steps a) to e). 

23. A method of manufacturing the device (10) accordmg to claim 20, wherein the at least 
one component (44) composed of a deformable material is formed by: a) printing of the 
deformable material onto the substrate, b) etching, c) pick-and-placing of con^onents. d) 
injection of molten material into device using feeder tubes, or a combination of steps a) to 
d). 



24. A method of manufacturing the device (10) according to claim 20, wherein the at least 
one substrate is bonded by; a) adhesives. b) curing, c) mechanical fixing, d) heating, e) 
anodic bonding, or a combination of steps a) to e). 

25. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including 
at least one pathway (75) and a volume of deformable material (78) disposed withm the 
pathway whereby, in use, a change of state of the deformable material causes a change of 
the rate of fluid flow along the pathway. 



AA4£fiD£D ShttJ 
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26. Apparatus for varying the rate of fluid flow along a pathway (75), the apparatus including 
at least one pathway (75) and a volume of detbrmable material (78) disposed adjacent the 
pathway whereby, in use, a change of state of the defonnable material causes a change of 
the rate of fluid flow along the pathway. 

27. Apparatus according to claim 25 or 26 further including at least one chaniber in fluid 
connection with the pathway. 

28. A^jparatus according to claim 27 wherein a volume of defonnable material is disposed 
within the chamber. 

) 

29. Apparatus according to any of claims 25 to 28 wherein at least one recess (72) capable of 
receiving defonnable material is located substantially adjacent the pathway (75). 

30. Apparatus according to claim 29 wherein the at least one recess (72) has an opening (74) 
which acts as a vent in order to permit the flow of gas therethrough. 

31. Apparatus according to any of claims 25 to 30 including at least one hydrophobic region 
(76) in order to guide fluid along a predeterauned path. 

32. Apparatus according to any of claims 25 to 31 including means for the supply and/or 
removal of heat "firom the apparatus in order to increase or decrease the rate of change of 
state of the defonnable material 

) 

33. Apparatus according to any of claims 25 to 32 including n^ans tor the supply of (i) 
pressure, (ii> uv radiation, (iii) light, (iv) ultrasonic energy or a combination of any of (i) to 
(iv) to the apparatus in order to change the state of the deformable materiaL 

34. Apparatus according to any of claims 25 to 33 wherein the defonnable material (7S) 
includes a polymer. - 



35. Apparatus according to any of claims 25 to 33 wherein the defonnable material (78) 
includes poIjTpropylene polystyrene. 



36. Apparatus according to any of claims 25 to 30 including at least one hydrophobic portion 
(76) which defines a path along which deformable material is guided. 
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37. Apparatus for varying Ihe rate of fluid flow along a pathway (75), the apparatus including: 
a) at least one pathway (75); b) a volume of defonnable material (78) disposed within the 
pathway, which, in use, changes its state so as to cause a change of the rate of fluid flow 
along the pathway; and c) at least one hydrophobic region (76) which defines a path along 
which defonnable material is guided. 



38. Apparatus for varying the rate of fluid flow along a pathway (75). the apparatus including: 
a) at least one pathway (75): b) a volume of defonnable material (78) disposed adjacent 
the pathway, which, in use, change its state so as to cause a change of the rate of fluid flow 
along a pathway: and c) at least one hydrophobic re^on (76) which defines a path along 
which defonnabie material is guided. 

39. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
pnjviding at least one recess (72) located substantially adjacent the pathway (75); locating 
a plug of defonnable material (78) in the pathway so that the material substantially 
restricts the flow of fluid in the pathway; and changing the state of the deformable material 
so that at least a portion of the material passes into the at least one recws thereby 
permitting flow of the fluid along the pathway. 

40. A method of varying the rate of fluid flow along a pathway comprising the steps ofi 
providing at least one recess (72) located substantiaUy adjacent the pathway (75); locating 
a volume of defonnable material (78) in the at least one recess; and changing the state of 
the deformable material so that at least a portion of the material passes into the pathway 
thereby substantially restricting flow of the fluid along the pathway. 

41. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locating a volume of deformable material (78) in the pathway so 
that it substantially restricts the flow of fluid along the pathway (75); and changing the 
state of the deformable material so that at least a portion of the material (78) passes along a 
predetermined path thereby permitting flow of the fluid along the pathway. 

42. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locadng a volume of deformable material (78) in the pathway so 
that it substantially permits the flow of fluid along the pathway; and changing the stote of 
the deformable material so that at least a portion of the material (78) passes along a 
predetermined padi thereby substantially restricting flow of the fluid along the pathway. 

AMENDiO SHEET 
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43. A method accordiag to claim 41 or claim 42 wherein the predetermined path is defined by 
one or more hydrophobic regions (76). 

44. A method according to claims 39 to 42 whereby the state of the deformable material (78) 
is changed by applying to said material (5) heat, (ii) pressure, (iii) uv radiation, (iv) light, 
(v) ultrasonic energy or a combination of any of (i) to (v). 

45. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 

J a plug of deformable material aS) in the pathway j^o that the material substantiaUy 

restricts fluid flow in the pathway; and changing the state of the defoimable material so 
that at least a portion of the material passes along a predetermined path into the at least one 
recess thereby permitting flow of the fluid along the pathway, wherein the predetermined 
path is defmed by one more hydrophobic regions. 

46. A method of varying the rate of fluid flow aJong a pathway comprising the steps of: 
providing at least one recess (72) located substantially adjacent the pathway (75); locating 
a volume of deformable material (78) in the at least one recess; and changing the state of 
the defonnable material so that at least a portion of the material passes along a 
predetermined path mto the pathway thereby substantiaUy restrictmg flow of the fluid 
along the pathway, wherein die predetermined path is defined by one or more hydrophobic 
regions. 

.) 

47. A method of varying the rate of fluid flow along a pathway (75) comprising the steps of: 
providing a pathway (75); locatmg a volume of deformable material (78) in the pathway so 
that it substantially restricts fluid flow along ihe pathway (75); and changing the state of 
the defonnable material so that at least a portion of the material (78) passes along a 
predetermined path thereby pem:iitting flow of the fluid along the pad:iway, wherein the 
predetermined path is defined by one or more hydrophobic regions. 

48. A method of varying the rate of fluid flow along a first pathway (75) comprising the steps 
of: providing a first pathway (75); locating a volume of deformable material (78) in the 
first pathway; flowing a fluid along the first pathway past the material; and changing the 
state of the material so that at least a portion of the material (78) passes along a second 
pathway so as to restrict fluid flow along the first pathway, said second pathway being 
defined by one or more hydrophobic regions. 
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49. An assay device (10) substantially as described with reference to Figure 1. 

50. Apparatus substantially as described herein with reference to Figures 2 to 9. 

51. A method of varjdng the rate of fluid flow along a pathway substantially as described 
herein with reference to the Figxires. 

52. A method of performing chemical analysis substantially as described with reference to the 
Figures. 
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1. The applicant is hereby notified of the date of receipt (except where the letters ''NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier application(s) indicated below. Unless otherwise 
indicated by an ast^isk appearing next to a date of receipt, or by the letters *'NR", in the right-hand column, the priority 
document concerned was submitted or transmitted to the Internationa! Bureau in compliance with Rule 17.1(a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisM*) appearing next to a date of receipt in the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
ofthe applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "NR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 17.1(a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1(c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which is reasonable under the 
circumstances. 
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' international preliminary examination report and its annexes, if any, established on the international application. 

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices. 

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the 
report (but not of any annexes) and will transmit such translation to those Offices. 

4. REMINDER 

The applicant must enter the national phase before each elected Office by petlomiing certain acts (filing 
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article 
39(1)) (see also the reminder sent by the International Bureau with Fomn PCT/IB/301). 

Where a translation of the intemational application must be furnished to an elected Office, that translation must 
contain a translation of any annexes to the intemational preliminary examination report. It is the applicant s 
responsibility to prepare and furnish such translation directly to each elected Office concerned. 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
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1 . This international preliminary examination report has been prepared^by this International Preliminary Examining Authority 



and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 9 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis tor this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of- 10 sheets. 




3. This report contains indications relating to the following items: 

! S Basis of the report 

II □ Priority 

III H Non-establishment of opinion with regard to novelty, inventive step and industrial appiicabtiity 

IV □ Lack of unity of invention 

V S Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicabilrty; 

citations and explanations suporting such statement 

VI S Certain documents cited 

VII □ Certain defects in the international application 

Vill S Certain observations on the international application 
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f . Basis of the r port 

1 . This report has been drawn on the basis of {substitute sheets which have been furnished to the receiving Office it 
response to an invitation under Articie 14 are referred to in this report as "onginally filed" and are not annexed to 
the report since they do not contain amendments.): 

Description, pages: 

2-1 5 as originally filed 

^^^^ as received on 07/03/2000 with letter of 07/03/2000 



Claims, No.: 

^'^^ as received on 07/03/2000 with letter of 07/03/2000 



Drawings, sheets: 

2/6-6/6 as originally filed 

as received on 07/03/2000 with letter of 07/03/2000 



2. The annendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 



4. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non-obvious), 
or to be industrially applicable have not been examined in respect of: 

□ the entire intemational application. 
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^ clainns Nos. 49-52. 
because: 

□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an intemational preliminary examination {specify): 

S the description, claims or drawings {indicate particuiar elements beloW) or said claims Nos. 49-52 are so 
unclear that no meaningful opinion could be formed {specif^: 

see separate sheet 

□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no intemational search report has been established for the said claims Nos. . 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Yes: 
No: 



Claims 
Claims 



2-4,6,7,9,11 -13,16-24,28,30,31 ,35-38,43,45-48 
1,5,8,10,14,15,25-27,29,32-34,39-42,44 



Inventive step (IS) 



Yes: 
No: 



Claims 
Claims 



7,18,19,31,36-38,43,45-48 

1 -6,8-1 7,20-30,32-35,39-42,44 



Industrial applicability (lA) 



Yes: 
No: 



Claims 
Claims 



1-48 



2. Citations and explanations 



see separate sheet 
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VI. Certain documents cit d 

1 . Certain published documents (Rule 70.10) 
and / or 

2. Non-written disclosures (Rule 70.9) 
see separate sheet 

Vlli. Certain observations on the International application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and 

industrial applicability 

1 . Claims 49-52 are 'omnibus claims', which are not admissible under Rule 6.2(a) 
PCT (see also the PCI Guidelines, 1 11-4. 10). Reference to the drawings in the 
claims is permitted only where absolutely necessary; such is not the case here. 
The claims should be cancelled. 

No opinion, therefore, is established with regards to the subject-matter of claims 
49-52. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1 . Relevance of the prior art 

1 .'1 Document D1 (US-A-5267585) discloses- (cf. claim 1 , summary of the invention 
and Figures 1 ,2) a method and apparatus for controlling the flow in a flow path by 
means of a deformable elastomeric element, which is contained at least partially 
within the path and partially in a recess (cf. Figure 1). By application of a force 
through a control means, the flow can be prevented and. upon release of the 
force, the flow can be increased (cf. col. 1, I. 64 to col. 2, 1. 19). 

1.2 Document D2 (US-A-4949742) discloses (cf. claims 1 ,10 and Figure 1) a 
temperature operated gas valve (and a method for operating it), operable between 
two volumes (chambers), comprising a conduit between the two volumes and a 
meltable solid material within a restriction, which, upon heating, allows gas to pass 
from the first to the second volume and, when the pressure differential between 
the two volumes becomes small, returns to its initial position by surface tension, 
where it re-solidify after heating has been discontinued. 

1 .3 Document D3 (US-A-5278079) discloses (cf. claims 1 ,12,22 and Figures 2,3) a 
device for sealing a chamber by means of aqueous expandable polymer in a 
reduced chamber portion which forms a seal in said reduced chamber portion 
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upon contact of the polymer with an aqueous medium, and a method for inhibiting 
the flow by means of such a device. 

1.4 Document D4 (US-A-4549952) discloses (cf. claims 1,2 and Figures 1-4) a liquid 
transport device for transporting two different aqueous liquids within a capillary 
passage comprising control means on a surface for increasing the viscosity of the 
liquid flowing past that surface, wherein said control means comprises a water- 
swellable composition disposed on that surface, whereby the increase in viscosity 
causes a change in the flow of the liquid. Chambers are provided at the sides of 
the passage. 

2. Conclusions 

3.1 Before assessing novelty and inventive steps of the subject-matter of the claims 
over the available art, it is pointed out that many of the claims of the present 
application are drawn up in such general terms to include embodiments very 
different from what is detailed in the description and which can be found in very 
different' fields including normal life activities. For example, a rubber tube for 
delivery of water from a reservoir falls under the definition of claim 1, since the 
rubber tube itself is of deformable material and upon any pressure in any point of 
the tube itself the fluid flow behaviour is changed. 

3.2 In this respect, it is also important to notice that general functional or use terms, 
such as 'assay' device in claim 1, do not add any structural peculiarities to the 
device other than those specified by the physical features of the device itself. This 
is true also for other terms such as 'reaction' chamber in claims 14,20,22, insofar 
as any chamber in use can be used as a reaction chamber, and 'substrate' in 
claims 20,23,24, which may refer to any kind of substrate. 

3.3 In what follows, novelty and inventive steps will be established over the cited prior 
art. It will be apparent that very different devices in the prior art may fall under the 
wording of many claims of the present application. 

4. 1 The subject-matter of claims 25,26,29,33,34,39,40,41 ,42,44(with regard to 
pressure) is not novel with respect to D1 (Article 33(2) PCT). 
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4.2 The subject-matter of claims 1,5,8, 10, 15,25,26,27,32, 41, 42,44(with regard to 
heat) is not novel with respect to D2 (Article 33(2) PCT). 

4.3 The subject-matter of claims 1,5,14(with regard to inlet port and reaction 
chamber),25,27,34,42 is not novel with respect to D3 (Article 33(2) PCT). 

4.4 The subject-matter of claims 1 ,5,1 4(with regard to inlet port and reaction 
chamber),25,27,34,42 is not novel with respect to D4 (Article 33(2) PCT). 

5.1 The connection of a device as the one in D1 to a chamber does not involve an 
inventive step (to what else should the skilled man connect such an apparatus?). 
Therefore the subject-matter of claims 2,3,9,17 does not involve an inventive step 
(Article 33(3) PCT). 

5.2 The choice of a particular polymer as in claim 35 appears as just one of many 
alternative possibilities of material selection. The subject-matter of claim 17 is, 
therefore, not inventive (Article 33(3) PCT). 

5.3 A device including a fluid pathway on a substrate, a chamber, one component of 
deformable material and two substrates bonded together is already disclosed in 
D3 (cf. Figure 2) and D4 (cf. Figure 2). The method of manufacturing such a 
device with the common activities listed in claim 20 is, therefore, not inventive 
either (Article 33(3) PCT). 

5.4 Also the techniques mentioned in claims 21-24 for forming the different 
components are common in the field of microfabricated devices. Claims 21-24, 
therefore, also lack an inventive step (Article 33(3) PCT). 

6. There are no examples in the description of changing the state of the deformable 
material other than by applying heat or pressure. It is not apparent whether or how 
the skilled man could carry out all the embodiments of claims 33 and 44 (and all 
dependent thereon) (e.g. by non exemplified UV radiation, light, ultrasonic energy) 
without undue burden (Article 5 PCT). 

7. The additional features in claims 4,6,1 1,12,13,16,28,30 are not disclosed as such 
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in the cited prior art. However, it is not apparent from the present application 
which technical problem they are designed to solve so as to provide the required 
inventive step (Article 33(3) PCT). 

8. The inclusion of a hydrophobic region as in the apparatuses and methods of 

claims 7,31,43 (and also 18,19,36-38.45-48 see also Item Vlll) so as to provide a 
path along which the deformable material is guided is not disclosed in the prior art, 
nor it appears to be obvious to the skilled man. The correspondent claims appear, 
therefore, to involve the required inventive step (Article 33(3) PCT).. 

Re Item VI 
Certain ddcuments cited 

1. Document D5 (WO-A-9822625) was filed on 19.11.1997 claiming a priority of 
20.1 1.1996 and published on 28.05.1998. Therefore, it is not part of the prior art 
(Rule 64(1) PCT); however, it can become part of the state of the art for the 
examination of novelty at least in the regional phase of the application (e.g. under 
Article 54(3) EPC). 

1.1 Document D5 discloses (cf. p. 9, I. 1 1-17; p. 32; p. 33; p. 63, chapter IV) devices 
and methods for sealing of channels with meltable material and the use of such 
sealed valves to control fluid flow. By application of heat, the meltable material at 
least partially liquefies and flows over areas of the valve seat and optionally of 
other auxiliary components (e.g. a diaphragm) so that upon subsequent cooling 
the valve is sealed. The meltable material may be disposed within a side channel 
and may be polymer. The valves are used inside microfabricated devices for 
amplifying nucleic acid target sequences (cf. field of the invention) including 
various reacting chambers and substrates (see e.g. Figure 1). Hydrophobic 
regions are used to direct the flow of the treated fluids along the transport 
channels (cf. e.g. p. 5, last par.; p. 9, I. 18 to p. 10, I. 25). 

1 .2 The subject-matter of claims 1 ,2,3,8, 1 0, 1 4, 1 5,25,26,27,29,32,34,40,42,44(with 
regard to heat) at least would not be novel with respect to D5 under said Article 
54(3) EPC. 
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Re Item VIH 

Certain observations on the international application 

1 . Claims 1 ,2 do not satisfy the requirements of Article 6 PCT as far as conciseness 
is concerned, since they could be made dependent on claims 25,26. 

Claims 18,19,36-38,45-48 do not satisfy the requirements of Article 6 PCT as far 
as conciseness is concerned, since they are superfluous with respect to claims 
7,31 ,43{restated as dependent on claims 39-42) respectively. 

2. The term 'substantially' used in claims 1 ,2,3,4,1 9 has a relative meaning (how 
much?) and cannot clearly establish the meaning of the technical feature to which 
it refers, thereby rendering the definition of the subject-matter of said claims un- 
clear (Article 6 PCT). 
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